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CHANGES  IN  SOIL  ELEMENTAL  CONCENTRATIONS  UNDER  SHORT-ROTATION 

WOOD  PRODUCTION  SYSTEMS^ 

K.A.  Majerus  and  G.L.  Rolfe^ 


Short-rotation  wood  production  systems  provide  an  alternative 
land  use  for  sites  considered  marginal  for  conventional  agri- 
culture. Short-rotation  silviculture  involves  fast  growing 
deciduous  woody  species  planted  at  close  spacings  with  succes- 
sive harvests  over  short  time  periods  (2  to  10  years)  from  a 
single  planting.  Annual  wood  yields  from  U.S.  fl^^-d  plantings 
have  ranged  from  4  to  15  dry  metric  tonnes/hectare '^^^d.  8  to  6.7 
dry  tons/acre)  (Ranney  et  al.,  1985).  ^  "^/^ 

Several  wood  harvests  are  possible  from  the  e^abM^hed  root- 
stocks.  As  such,  short-rotation  systems  can  ^-'be  considered 
relatively  permanent  vegetation  in  contrast  to  annual  row  crops. 
This  can  result  in  dramatic  soil  and  water  Conservation 
benefits.  The  existence  of  tree  rootstocks  which  resprout  has 
implications  for  nutrient  storage,  translocation,  and  cycling. 
The  common  practice  of  wood  harvest  and  removal  during  tree 
dormancy  in  temperate  climates  may  also  play4.^  important  role 
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in  soil  nutrient  changes  and  productivity. 

FIELD  SITE  DESCRIPTIOt^,  ^^^ 

Research  areas  are  located  in  southern  Illinc^^  a%^the  Univer- 
sity of  Illinois,  Dixon  Springs  Agricultural  ^'penter  in  Pope 
County.  The  two  study  sites  include  an  upland  ^"^^  bottomland. 
Both  sites  have  limitations  to  use  for  conventional  agriculture 
due  to  factors  such  as  low  productivity,  shallow  soil  depth,  and 
susceptibility  to  erosion.  As  such,  these  marginal  sites  hold 
good  potential  for  short-rotation  silviculture  as  a  land  use 
alternative. 


1  Supported  in  part  by  Hatch  Project  Number  55-342. 
^  Assistant  Forester,  and  Professor  of  Forest  Ecology  and  Head 
of  Department,  respectively.  Department  of  Forestry,  University 
of  Illinois,  Urbana,  Illinois,  61801  USA. 


THE  ILLINOIS  AGRICULTURAL  EXPERIMENT  STATION  PROVIDES  EQUAL  OPPORTUNITIES  IN  PROGRAMS  AND  EMPLOYMENT 


The  bottomland  soil  is  a  Sharon  silt  loam  which  is  a  coarse- 
silty,  mixed,  acid,  mesic  Typic  Udif Invent  formed  near  streams 
in  deep  silty  alluvium  50  inches  (127  cm)  or  more  in  depth. 
This  soil  series  is  moderately  well  to  well  drained  with 
moderate  permeability  and  a  high  water  holding  capacity.  Slope 
ranges  from  0  to  4%.  Periodic  flooding  recharges  soil  moisture. 
The  site  index  for  bottomland  hardwood  species  ranges  from  95  to 
105  which  can  yield  550  to  650  board  feet/acre/year  (USDA  SCS, 
1975)  . 

The  upland  soil  is  a  Grantsburg  silt  loam  which  is  a  fine-silty, 
mixed,  mesic  Typic  Fragiudalf.  Surface  soil  depth  ranges  from  3 
to  7  inches  (7.6  to  17.8  cm)  and  a  firm  fragipan  occurs  at  a 
depth  from  18  to  24  inches  (45.7  to  61.0  cm).  This  soil  type  is 
eroded  and  lies  on  slopes  from  7  to  12%.  Grantsburg  silt  loam 
is  moderately  well  drained  with  slow  to  very  slow  permeability 
and  a  moderate  water  holding  capacity.  Runoff  may  be  medium  to 
very  rapid.  Organic  matter  content  is  low.  The  site  index  for 
upland  oaks  is  given  as  65  to  75  which  can  provide  growth 
between  150  to  250  board  feet/acre/year  (USDA  SCS,  1975) . 

METHODS 

Soil  samples  were  collected  from  35,  41,  or  56  m  (370,  433,  or 
592  ft  )  subplots  at  six  permanent  sampling  locations  (six 
samples  per  subplot) .  Soil  sampling  occurred  prior  to  planting 
and  at  the  time  of  plot  harvest.  Five  soil  depths  were  sampled 
including:  0  to  7  cm  (0  to  3  in) ,  8  to  15  cm  (3  to  6  in) ,  16  to 
30  cm  (6  to  12  in) ,  31  to  45  cm  (12  to  18  in) ,  and  46  to  61  cm 
(18  to  24  in) . 

Soil  samples  were  air-dried  and  ground  to  pass  through  a  20  mesh 
per  inch  sieve  in  preparation  for  laboratory  analyses.  Total 
nitrogen;  available  phosphorus;  and  exchangeable  potassium, 
calcium,  and  magnesium  were  determined.  Total  nitrogen  was 
analyzed  using  the  semimicro-Kjeldahl  technique  (not  modified  to 
include  nitrites  and  nitrates)  per  Bremner  (1965) .  A  modified 
method  of  Bray  and  Kurtz  (1945)  quantified  available  phosphorus. 
Cation  analyses  were  performed  by  extraction  with  25.0  mis  of 
l.ON  NH^OAc  (pH  =  7)  for  30  minutes  per  5.0  grams  of  soil, 
followed  by  filtering  the  slurry  through  Whatman  #1  paper  and 
analysis  of  aliquots  of  the  filtrate  by  standard  atomic 
absorption  techniques  (Ediger,  1973) . 

Statistical  analyses  involved  the  General  Linear  Models  (GLM) 
package  of  the  Statistical  Analysis  System  (SAS,  1982)  using 
Duncan's  Multiple  Range  Test.  The  level  of  statistical  sig- 
nificance is  p  <  0.05  for  the  reported  results.  Statistical 
analyses  examined  species,  spacing,  site,  rotation,  and  soil 
depth  variables. 


RESULTS 

Pretreatment  Site  Differences 

Initial  soil  elemental  concentrations  prior  to  tree  planting 
were  significantly  different  (p  <  0.05)  for  the  upland  and 
bottomland  sites.  The  bottomland  soil  was  significantly  higher 
than  the  upland  soil  in  pretreatment  concentrations  of  both 
total  nitrogen  and  available  phosphorus  (Table  1) .  In  contrast, 
the  upland  soil  was  significantly  higher  in  pretreatment 
concentrations  of  exchangeable  K,  Ca,  and  Mg  (Table  1) .  Soil  pH 
prior  to  planting  was  6.06  for  the  upland  and  5.31  for  the 
bottomland. 

Post-treatment  Site  Differences 

Soil  samples  collected  over  4  harvest  years  illustrated  changes 
in  soil  elemental  concentrations  under  short-rotation  wood 
production  systems.  Soil  sampling  from  subplots  occurred  over 
2-,  3-,  and  4-year  seedling  rotations  as  well  as  a  2-year 
coppice  rotation.  Soil  conditions  after  5  years  of  vegetative 
cover  with  short-rotation  woody  species  evidenced  a  decrease  in 
upland  soil  N  concentrations  by  18  parts  per  million  (ppm)  while 
the  bottomland  soil  N  decreased  by  208  ppm.  As  such,  the  upland 
soil  N  concentration  was  higher  than  the  bottomland  soil  5  years 
after  tree  planting  (Table  2) .  Available  soil  phosphorus  on  the 
upland  site  decreased  by  3  ppm  over  5  years  of  tree  growth, 
while  the  bottomland  soil  decreased  by  4  ppm  so  that  the  post- 
treatment  upland  soil  P  concentration  was  significantly  higher 
(p  <  0.05)  (Table  2) . 

These  decreases  in  soil  N  and  P  suggest  the  importance  of  N  and 
P  fertilization  for  both  sites.  Nitrogen  deficits  have  been 
found  for  short-rotation  stands  of  Populus  spp.  and  Platanus 
spp.  (Jahn,  1982)  .  The  bottomland  site  appears  to  be  more 
affected  by  short-rotation  plantings  for  N  and  P  since  decreases 
in  concentration  over  time  resulted  in  a  reversal  by  which  the 
upland  soil  concentrations  were  actually  higher  than  the 
bottomland  soil  under  tree  vegetation.  For  this  reason, 
fertilization  may  be  more  critical  for  the  bottomland  site. 
Denitrif ication  and  erosional  processes  during  periodic  flooding 
on  the  bottomland  site  may  be  influential  for  soil  N  and  P 
changes. 

In  contrast,  soil  K,  Ca,  and  Mg  concentrations  increased  on  both 
sites  during  5  years  of  tree  growth  (Table  2)  .  Potassium 
increases  were  similar  for  the  upland  and  bottomland,  respec- 
tively, as  28.3  ppm  and  27.2  ppm.  Soil  calcium  increases  were 
more  variable  between  sites  at  483  ppm  and  212  ppm  for  the 
upland  and  bottomland,  respectively.  Magnesium  increases  were 
also  dissimilar  between  sites  as  26  ppm  and  42  ppm  for  the 
upland  and  bottomland,  respectively.   The  upland  soil  remained 


significantly  higher  (p  <  0.05)  in  these  three  elemental  con- 
centrations under  tree  vegetation.  Examination  of  soil 
elemental  concentrations  in  relation  to  soil  depth  provides 
information  relevant  to  the  K,  Ca,  and  Mg  soil  increases  found 
in  this  study. 

Soil  Depth  Differences 

Soil  N  and  P  concentrations  decreased  with  an  increase  in  soil 
depth  for  samples  collected  prior  to  tree  planting  and  over  the 
5  years  of  tree  growth  (Tables  3  and  4) .  Soil  near  the  surface 
had  significantly  higher  N  and  P  concentrations  than  soil  lower 
in  the  horizon.  A  similar  trend  occurred  for  soil 
concentrations  of  K  and  Ca  prior  to,  and  over  the  time  period 
after  planting.  Magnesium  concentrations  were  more  variable  and 
a  significant  trend  could  not  be  distinguished  in  relation  to 
soil  depth.  However,  it  is  important  to  note  that  Mg  soil 
concentrations  were  generally  higher  in  lower  soil  depths 
compared  to  soil  horizons  nearer  the  surface.  Parent  material 
inputs  may  contribute  Mg  to  deeper  soil  horizons  through  rock 
weathering  processes. 

Increases  in  soil  K  concentrations  were  highest  for  the  0  cm  to 
7  cm  depth  (0-3  in)  over  5  years  under  short-rotation  systems 
as  54  ppm,  although  the  second  highest  increases  occurred  in  the 
lowest  two  depths  as  22  ppm  and  2  4  ppm.  Calcium  concentration 
increases  under  tree  vegetation  were  greatest  at  soil  depths 
between  8  to  4  6  cm  (3  to  18  in) ,  although  increases  occurred  at 
all  depths. 

Increases  in  surface  soil  cations  are  most  likely  attributable 
to  cation  inputs  via  tree  leaf  litter  and  root  sloughing. 
Increases  in  cation  concentrations  in  lower  depths  may  also  be 
due  to  vegetation  inputs,  although  parent  material  inputs  may 
also  affect  exchangeable  cation  levels.  In  addition,  soil  pH 
changes  may  influence  the  concentration  of  exchangeable  ions  at 
all  soil  depths.  Cation  solubility  and  mobility  allows 
transport  of  K,  Ca,  and  Mg  into  lower  soil  horizons  while 
organic  forms  of  N  and  P  are  typically  converted  to  inorganic 
forms  by  microbial  activity  in  surface  soils. 

Species  Differences 

Five  species  were  planted  on  both  field  research  sites  inclu- 
ding: Robinia  pseudoacacia  L.  (black  locust) ,  Elaeagnus 
umbellata  Thunb.  (autumn  olive) ,  Platanus  occidentalis  L. 
(American  sycamore) ,  Populus  deltoides  Bartr.  (eastern  cotton- 
wood)  ,  and  Alnus  glutinosa  (L.)  Gaertn.  (European  black  alder). 
Black  locust,  autumn  olive,  and  European  black  alder  are 
nitrogen-fixing  species.  Differences  between  N-fixing  species 
and  those  which  do  not  fix  N  were  anticipated. 

Autumn  olive  is  a  shrub  species  with  multiple  stems  as  its 
growth  form.   Black  locust,  autumn  olive,  and  American  sycamore 


were  the  most  highly  productive  species  (Rolfe  and  Majerus, 
1984) .  Soil  elemental  concentrations  were  examined  in  relation 
to  planted  species  growing  on  the  short-rotation  sites. 

Significant  differences  (p  <  0.05)  in  soil  elemental  concen- 
trations were  not  strongly  evident  for  N,  P,  and  Mg  but  a 
species  trend  for  N  was  apparent  (Table  5) .  Plots  on  which  the 
three  N-fixing  species  had  grown  did  illustrate  soil  N 
concentrations  averaging  about  10%  to  11%  higher  than  the  other 
two  species. 

American  sycamore  plots  were  significantly  lower  (p  <  0.05)  in 
concentrations  of  soil  K.  Black  locust  and  autumn  olive  plots 
were  significantly  higher  (p  <  0.05)  in  soil  Ca  concentrations 
compared  to  American  sycamore,  European  black  alder,  and  eastern 
Cottonwood  plots. 

Rotation  Differences 

Soil  elemental  concentration  data  was  assessed  in  relation  to 
soil  sampled  from  plots  harvested  for  2-,  3-,  and  4-year 
seedling  rotations  as  well  as  a  2-year  coppice  rotation.  No 
significant  differences  (p  <  0.05)  were  apparent  for  Ca  and  Mg 
in  relation  to  rotation  type  (Table  6) .  Soil  samples  from  plots 
harvested  for  the  first  2-year  coppice  rotation  (after  a  2-year 
seedling  rotation)  were  significantly  higher  (p  <  0.05)  in  total 
soil  N  concentrations  compared  to  the  three  types  of  seedling 
rotations. 

The  2-year  seedling  rotation  plots  were  significantly  lower  (p  < 
0.05)  in  available  P  soil  concentrations  compared  to  the  other 
rotation  types.  The  2-year  seedling  rotation  was  also 
significantly  lower  (p  <  0.05)  in  exchangeable  soil  K  than  plots 
harvested  over  the  longer  seedling  rotations,  and  the  2 -year 
coppice  rotation  while  the  2-year  seedling  rotation  plots  were 
significantly  lower  (p  <  0.05)  in  soil  P  concentrations  compared 
to  the  3-,  and  4-year  seedling  rotation  plots. 

Spacing  Differences 

Initial  planting  spacing  did  not  provide  significant  differences 
(p  <  0.05)  in  soil  elemental  concentrations  for  N,  P,  K,  Ca,  or 
Mg  for  soil  samples  collected  over  5  years  (Table  7)  .  This 
occurrence  is  probably  related  to  the  decline  in  tree  survival 
which  occurred  on  the  closely  spaced  plots  over  time.  As  a 
result,  tree  densities  became  similar  over  time  regardless  of 
initial  planted  tree  density  (Rolfe  and  Majerus,  1984) . 

CONCLUSIONS 

Short-rotation  system  variables  which  attributed  to  significant 
statistical  differences  (p  <  0.05)  between  soil  elemental 
concentrations  measured  over  5  years  were  site,   soil  depth. 


rotation,  and  species.  Tree  spacings  ranging  from  narrow  (0.23 
m  X  0.23  m  =  9  in  X  9  in  per  tree)  to  wide  (0.61  m  x  0.76  m  =  24 
in  X  3  0  in  per  tree)  did  not  appear  to  affect  elemental 
concentration  differences  between  research  plots. 

Recognition  of  site  differences  is  critical  to  successful 
establishment  of  short-rotation  field  plantings.  Soil  sampling 
and  analyses  prior  to,  and  after  tree  planting  partially 
monitors  elemental  cycling  for  these  systems.  Attention  given 
to  foliage,  wood,  litter,  and  other  ecosystem  components  can 
provide  valuable  information  for  fertilization  decisions. 
Nitrogen  and  phosphorus  appear  most  limiting  for  short-rotation 
wood  production  on  both  research  sites  although  the  bottomland 
site  seemed  most  affected. 

Trends  in  elemental  concentrations  regarding  soil  depth  can  also 
be  applied  to  fertilization  needs  in  relation  to  "on-site" 
environmental  inputs  such  as  leaf  litter  and  parent  material 
weathering.  Of  the  elements  analyzed  in  this  study,  the  cation 
concentrations  of  K,  Mg,  and  Ca  actually  increased  in  soils 
under  short-rotation  systems  over  the  5  years  of  sampling. 

Rotation  differences  suggest  that  longer  seedling  rotations  (3-, 
and  4-year  vs  2-year)  resulted  in  higher  concentrations  of 
available  soil  P  and  exchangeable  K.  The  2-year  coppice 
rotation  plots  were  significantly  higher  (p  <  0.05)  in  soil 
total  N  but  lower  in  soil  P.  Coppice  rotations  may  require  less 
N  for  wood  production  compared  to  seedling  growth. 

Species  differences  were  statistically  delineated  for  soil  K  and 
Ca  in  this  study.  Soil  samples  from  plots  planted  with  the  N- 
fixing  species  had  higher  N  concentrations  than  species  which  do 
not  fix  N.  As  such,  these  results  suggest  good  potential  for 
soil  N  additions  with  wood  production  by  N-fixing  species. 
Research  over  long-term  periods  would  be  beneficial  for  further 
identification  of  soil  elemental  changes  under  short-rotation 
silvicultural  land  uses. 
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Table  1.   Site  differences  in  mean  soil  elemental  concentrations 
on  two  Illinois  sites  prior  to  planting. 


( 


Site 


Bottomland 
Upland 


N 


1009  a 
877  b 


K 

(ppm) 


1,2 


Ca 


11.2  a 
5.6  b 


40.0  b 
54.4  a 


861  b 
942  a 


Mg 


55.6  b 
114.7  a 


Means  represent  a  composite  of  five  soil  depths  from  0  -  61  cm 
(0-24  in) . 

Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 


Table  2. 


Site 


Site  comparisons  of  mean  soil  elemental  concentrations 
over  five  years  of  woody  biomass  production  on  two 
southern  Illinois  sites. 


N 


K 

(ppm) 


1,2 


Ca 


Mg 


Upland 

859 

a 

8. 

6 

a 

82 

.7 

a 

1425 

a 

140. 

.9 

a 

Bottoml 

and 

801 

b 

7. 

.2 

b 

67 

.2 

b 

1073 

b 

98 

.1 

b 

Means  represent  a  composite  of  five  soil  depths  for  plots 
planted  with  five  woody  biomass  species  at  six  tree  spacings 
ranging  from  0.23m  x  0.23m  to  0.61m  x  0.76m  grown  over 
seedling  and  coppice  rotations. 

Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 
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Table  3.   Soil  depth  comparisons  of  mean  soil  elemental  concen- 
trations on  two  southern  Illinois  sites  prior  to 
planting  woody  biomass  plots. 


Soil  Depth     N         P         K   ^       Ca       Mg 


(cm)  (ppm)^ 


0-7  1159  b  10.3  b  54.0  a  1089  a  58.5  b 

8-15  1284  a  12.3  a  58.3  a  1028  ab  66.7  b 

16  -  30  969  c  8.7  b  48.8  a      942  b  92.2  ab 

31  -  45  691  d  5.2  c  39.6  b      766  c  98.4  ab 

46  -  61  584  d  4.3  c  38.2  b      699  c  123.8  a 

^  Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 


Table  4.   Soil  depth  comparisons  of  mean  soil  elemental  concen- 
trations over  five  years  of  woody  biomass  production 
on  two  southern  Illinois  sites. 


Soil  Depth 
(cm) 

N 

P 

^   1  2 

(ppm)l'2 

Ca 

Mg 

0-7 

1040 

a 

13.4 

a 

108.2  a 

1338 

a 

107.3 

a 

8-15 

923 

b 

10.0 

b 

70.4  b 

1370 

a 

85.7 

a 

16  -  30 

837 

c 

7.3 

c 

63.3  c 

1349 

a 

136.8 

a 

31  -  45 

620 

d 

3.6 

d 

61.9  c 

1072 

b 

117.1 

a 

46  -  61 

626 

d 

3.3 

d 

62.2  c 

936 

c 

148.3 

a 

Means  represent  a  composite  for  plots  planted  with  five 
species  at  six  tree  spacings  ranging  from  0.23m  x  0.23m  to 
0.61m  X  0.76m  over  seedling  and  coppice  rotations. 

Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 
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Table  5.   Species  comparisons  of  mean  soil  elemental  concentra- 
tions over  five  years  of  woody  biomass  production  on 
two  southern  Illinois  sites. 


Species-^ 

N 

P 

^   2  3 

Ca 

Mg 

AO* 

871 

a 

8.0 

a 

78.6  ab 

1408  a 

137.1 

a 

BL* 

847 

ab 

7.8 

a 

78.6  ab 

1542  a 

88.8 

a 

BA* 

858 

a 

8.1 

a 

80.4  a 

1045  b 

122.5 

a 

AS 

787 

b 

7.9 

a 

63.9  c 

1149  b 

134.3 

a 

EC 

784 

b 

7.8 

a 

74.2  b 

1018  b 

88.6 

a 

AO  =  autumn  olive,  BL  =  black  locust,  BA  =  European  black 
alder,  AS  =  American  sycamore,  EC  =  eastern  cottonwood, 
*  =  nitrogen-fixing  species. 

Means  represent  a  composite  of  samples  from  six  tree  spacings 
ranging  from  0.23m  x  0.23m  to  0.61m  x  0.76m  over  seedling  and 
coppice  rotations  for  five  soil  depths  from  0  -  61  cm  (0  -  24 
inches) . 

Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 
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Table  6.   Seedling  and  coppice  rotation  comparisons  of  mean  soil 
elemental  concentrations  for  woody  biomass  plots  on 
two  southern  Illinois  sites. 


Rotation-^ 

N 

P 

^   0  -. 

Ca 

Mg 

(years) 

(ppm)2'3 

2s 

809 

b 

6.3 

b 

62  .  6  c 

1176 

b 

88.3 

b 

3s 

802 

b 

8.2 

a 

85.8  a 

1177 

b 

133.7 

ab 

4s 

760 

b 

8.7 

a 

84.1  a 

1335 

a 

170.1 

a 

2c 

888 

a 

8.7 

a 

72.7  b 

1263 

ab 

107.8 

b 

1 

2 


c  =  first  coppice  rotation     s  =  seedling  rotation 
Means  represent  a  composite  of  five  soil  depths  for  five  woody 
biomass  species  planted  at  six  tree  spacings  ranging  from 
0.23m  X  0.23m  to  0.61m  x  0.76m. 
Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 
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Table  7.   Tree  spacing  comparisons  for  mean  soil  elemental 
concentrations  over  five  years  of  woody  biomass 
production  on  two  southern  Illinois  sites. 


Spacing 
Code^ 

N 

P 

^   2  3 
(ppm)2/3 

Ca 

Mg 

1 

846 

ab 

7.6 

a 

7  3.6  abc 

1057 

C 

144.3 

a 

2 

736 

b 

7.3 

a 

69.5  be 

1336 

ab 

88.7 

a 

3 

844 

ab 

8.0 

a 

7  3.2  abc 

1156 

be 

112.3 

a 

4 

842 

ab 

8.6 

a 

79.8  ab 

1421 

ab 

110.0 

a 

5 

915 

a 

8.7 

a 

65.1  c 

1432 

ab 

114.0 

a 

6 

911 

a 

8.4 

a 

82.6  a 

1588 

a 

115.0 

a 

Spacing  codes: 

1  =  closest  tree  spacing  at  0.23  m  x  0.23  m  per  tree 
6  =  widest  tree  spacing  at  0.61  m  x  0.76  m  per  tree 
Means  represent  a  composite  of  five  soil  depths  for  five  woody 

biomass  species  grown  over  seedling  and  coppice  rotations. 
Means  followed  by  the  same  letter  within  a  column  are  not  sig- 
nificantly different  at  the  95%  confidence  level. 
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INTRODUCTION 

Short-rotation  wood  production  systems  involve  fast  growing 
deciduous  woody  species  planted  at  close  spacings  and 
harvested  over  short  time  periods  (2  to  10  years)  .  Wood 
outputs  provide  a  short-term  return  on  investment  for  the 
landowner.  Wood  may  be  used  for  on-the-farm  energy  needs 
such  as  grain-drying  and  space  heating.  Other  uses  such  as 
fence  posts  and  animal  bedding  are  also  possible. 
Additional  benefits  include  soil  and  wi^er  conservation; 
wildlife  habitat;  and  recreation.  Ovei^ll,  research  in 
short-rotation  silviculture  has  e^ph^^z'^^i  supplying  a 
renewable  energy  resource  to  decrea^  U^  S . '^^ependency  on 
conventional  fossil  fuels.  %,  '^/p      </.^ 

FIELD  SITE  DESCRIPTION^^,  *%.. 

Field  sites  are  located  in  southern  Illinois  at  the 
University  of  Illinois,  Dixon  Springs  Agricultural  Center  in 
Pope  County.  The  two  study  areas  include  an  upland  and 
bottomland  site.  Both  sites  have  limitations  to  use  for 
conventional  agriculture  due  to  factors  such  as  shallow  soil 
depth,  low  productivity,  and  susceptibility  to  erosion.  As 
such,  these  marginal  sites  hold  good  potential  for  short- 
rotation  silviculture  as  a  land  use  alternative.  Soil 
sampling,  laboratory  analyses,  and  data  results  which 
further  depict  these  sites  are  described  in  Majerus  and 
Rolfe  (1987)  (in  press) . 

The  upland  soil  is  a  Grantsburg  silt  loam  which  is  a 
fine-silty,  mixed,  mesic  Typic  Fragiudalf.  Surface  soil 
depth  ranges  from  3  to  7  inches  (7.6  to  17.8  cm)  and  a  firm 
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fragipan  occurs  at  a  depth  from  18  to  24  inches  (45.7  to 
61.0  cm).  This  soil  type  is  eroded  and  lies  on  slopes  from 
7  to  12%.  Grantsburg  silt  loam  is  moderately  well  drained 
with  slow  to  very  slow  permeability  and  a  moderate  water 
holding  capacity.  Runoff  may  be  medium  to  very  rapid. 
Organic  matter  content  is  low.  The  site  index  for  upland 
oaks  is  given  as  65  to  75  which  can  provide  growth  between 
150  to  250  board  feet/acre/year  (USDA  SCS,  1975)  .  The  soil 
pH  prior  to  planting  was  6.06  (Rolfe  and  Majerus,  1984). 

The  bottomland  soil  is  a  Sharon  silt  loam  which  is  a 
coarse-silty,  mixed,  acid,  mesic  Typic  Udifluvent  formed 
near  streams  in  deep  silty  alluvium  50  inches  (127  cm)  or 
more  in  depth.  This  soil  series  is  moderately  well  to  well 
drained  with  moderate  permeability  and  a  high  water  holding 
capacity.  Slope  ranges  from  0  to  4%.  Periodic  flooding 
recharges  soil  moisture.  The  site  index  for  bottomland 
hardwood  species  ranges  from  95  to  105  which  can  yield  550 
to  650  board  feet/acre/year  (USDA  SCS,  1975)  .  Soil  pH  at 
the  time  of  planting  was  5.31  (Rolfe  and  Majerus,  1984). 

SITE  PREPARATION  AND  PLANTING 

Both  the  upland  and  bottomland  sites  were  planted  with 
nursery  stock  during  the  springs  of  1979  -  1982.  Site 
preparation  included  moldboard  plowing  during  the  fall 
before  planting  and  discing  twice  immediately  prior  to 
planting.  Mechanical  planting  involved  1-0  seedlings. 
Planting  stock  was  not  genetically  selected  material. 
Planted  spacings  ranged  from  0.23  m  by  0.23  m  (9  ins  by  9 
ins)  to  0.61  m  by  0.76  m  (24  ins  by  30  ins)  per  tree  (Table 
1) .  Field  plots  were  irrigated  during  the  first  growing 
season  with  2.5  cm  (1  inch)  increments  of  water  to  a  total 
of  10  -  15  cm  (4  -  6  inches)  as  weather  conditions  required. 
Species  specific  preemergent  herbicides  were  applied 
immediately  after  planting  to  provide  weed  control  during 
the  establishment  season  (Rolfe  and  Majerus,  1984;  White  and 
Rolfe,  1980;  White  et  al.,  1981). 

METHODS  AND  MATERIALS 

Yield  analyses  included  tree  harvests  for  both  seedling  and 
coppice  growth  periods  over  successive  2-,  and  3-year 
rotations,  and  for  a  4-year  seedling  rotation.  Field  plots 
0.04  ha  (0.1  acre)  or  0.01  ha  (0.025  acre)  in  size  were 
divided  into  35,  41,  or  56  m^  subplots  (equaling  370,  433, 
or  592  ft^  subplots)  to  provide  three  harvest  replicates  per 
plot.  Dormant  stems  were  severed  at  15  cm  above  the  ground 
with  a  chainsaw  or  brushcutter.  Green  weights  were 
determined  for  each  subplot.  Representative  wood  samples 
were  oven  dried  at  70  C  to  assess  moisture  content  and 
quantify  dry  weight  equivalents. 


Dry  yields  were  determined  based  only  on  wood  material. 
Yields  for  each  replicate  subplot  were  extrapolated  to  a  per 
hectare  basis  and  divided  by  the  rotation  length  to 
determine  annual  production  per  hectare.  Reported  yields 
are  expressed  in  oven  dry  metric  tonnes  (dry  Mg) . 

Yields  were  statistically  evaluated  based  on  species, 
spacing,  rotation,  and  site  variables.  Data  were  analyzed 
with  the  General  Linear  Models  (GLM)  package  of  the 
Statistical  Analysis  System  (SAS,  1982)  using  Duncan's 
Multiple  Range  Test.  The  level  of  significance  involves  p  < 
0.05  (95%  confidence  level)  for  the  results  reported. 

RESULTS 

Yield  results  include  harvest  data  over  2-,  3-,  and  4-year 
seedling  rotations,  as  well  as  successive  2-  and  3-year 
initial  coppice  harvests;  and  a  second,  2-year  coppice 
harvest  of  black  locust.  Three  optimum  species  identified 
for  short-rotation  wood  production  in  the  midwest  include 
Robinia  pseudoacacia  L.  (black  locust) ,  Elaeagnus  umbellata 
Thunb.  (autumn  olive) ,  and  Platanus  occidentalis  L. 
(American  sycamore) .  Autumn  olive  is  a  shrub  species  with 
multiple  stems.  Both  black  locust  and  autumn  olive  are 
nitrogen-fixing  species.  Yields  were  achieved  on  unferti- 
lized, marginal  sites. 

Black  locust  yields  include  a  composite  of  data  from  three 
successive  2-year  rotations  (one  seedling  and  two  coppice 
harvests)  as  well  as  one  3-year  seedling  harvest.  In 
contrast,  autumn  olive  and  American  sycamore  harvests 
included  2-,  3-,  and  4-year  seedling  rotations  as  well  as 
initial  2-  and  3-year  coppice  harvests.  Differences  in 
productivity  are  presented  by  species  in  Table  2.  Black 
locust  yields  were  significantly  higher  (p  <  0.05)  than  both 
autumn  olive  and  American  sycamore  while  autumn  olive 
exceeded  American  sycamore  yields. 

Yields  for  the  three  species  are  listed  by  rotation  in  Table 
3.  Overall,  longer  seedling  rotations  seemed  to  provide 
equivalent  or  increased  annual  yields  compared  to  shorter 
seedling  rotations.  Coppice  yields  were  generally  higher 
than  seedling  yields  for  both  black  locust  and  American 
sycamore  although  the  shrub  species,  autumn  olive,  did  not 
illustrate  a  coppice  yield  increase  above  seedling  rotation 
yields. 

The  decline  which  occurred  in  black  locust  yield  during  the 
second  coppice  rotation  (compared  to  the  first  coppice 
harvest)  (Table  3)  suggests  that  2  year  harvest  intervals 
are  too  short  for  sustained  production.  Although,  some 
species  have  provided  good  survival  and  yields  over  5 
successive  harvests  from  a  single  planting  (Geyer  et  al., 
1985) . 


Mean  yield  composites  of  species,  spacings,  and  sites  are 
presented  by  rotation  length  in  Table  4.  The  second  coppice 
harvest  occurred  only  for  black  locust.  Although 
statistical  differences  are  not  clearly  delineated,  some 
trends  do  exist.  The  2-  and  3-  year  seedling  rotation  wood 
outputs  were  lower  than  the  4-year  seedling  rotation. 
Initial  2-  and  3-year  coppice  rotation  yields  were  similar 
to  a  longer,  4-year  seedling  rotation.  These  data 
illustrate  the  benefit  of  longer  rotations,  as  well  as 
coppice  growth,  for  maximizing  wood  yields. 

While  the  bottomland  site  has  greater  production  potential 
than  the  upland  site  (Majerus,  1985;  USDA  SCS,  1975)  actual 
yield  differences  were  insignificant  between  sites  (Table 
5)  .  Periodic  flooding  on  the  bottomland  site  may  have 
decreased  site  nutrient  levels  and  productivity. 

Yield  comparisons  for  tree  spacings  illustrated  a 
significantly  (p  <  0.05)  lower  yield  for  plots  at  the  widest 
spacing  (0.61  m  by  0.76  m,  or  24  ins  by  30  ins,  per  tree) 
(Table  6)  .  However,  the  second  widest  spacing  did  not 
differ  in  yield  compared  to  the  four  closest  spacings. 
Survival  declined  over  time  at  the  close  spacings  so  that 
tree  densities  decrease  and  become  similar  to  plantings 
which  were  initially  wider  (Rolfe  and  Majerus,  1984) . 

CONCLUSIONS 

The  yield  data  examined  for  species,  spacing,  rotation,  and 
site  variables  revealed  important  similarities  and 
differences.  Species  differences  were  evident  for  yield 
levels  and  must  be  recognized  for  management  techniques  such 
as  weed  control,  fertilization,  and  rotation  length.  Weed 
control  is  critical  during  the  establishment  season  (Hansen 
et  al.,  1983;  Ranney  et  al.,  1986).  Tree  spacing  did  not 
significantly  contribute  to  yield  differences  for  the 
spacings  studied.  Spacing  is  important  in  determining  the 
timing  of  production  (rotation  length)  and  the 
characteristics  of  harvested  wood  (Ranney  et  al.,  1986). 

Common  U.S.  short-rotation  yields  have  ranged  from  4  to  15 
dry  Mg/ha  yr  (1.8  to  6.7  dry  tons/acre  yr)  and  averaged  8  to 
9  dry  Mg/ha  yr  (3.6  to  4.0  dry  tons/acre  yr)  for  a  variety 
of  site  conditions  and  species  (Ranney  et  al.,  1985).  Yield 
improvements  would  be  likely  with  fertilization  inputs  for 
the  two  study  sites. 

Coppice  rotations  have  exceeded  seedling  rotation  yields  for  ^j 

many  species  (Callahan  and  Toth,  1978;  Geyer  et  al.,  1985; 
Majerus,  1985;  Ranney  et  al.,  1985).    Coppice  yields  are 


expected  to  improve  above  seedling  yields  by  20%  to  100% 
percent  (Ranney  et  al.,  1985).  Proper  stand  management  to 
maximize  coppice  growth  is  important  to  the  productivity  and 
economic  profitability  of  short-rotation  systems.  While 
site  differences  may  not  be  evident  by  yield  quantities, 
successful  land  management  must  be  based  on  site  conditions 
if  long-term  production  and  site  quality  are  to  be 
maintained. 

The  results  of  this  study  suggest  recommended  species, 
spacings,  and  rotation  lengths  for  the  midwest  region.  The 
three  species  are  recommended  based  on  yield  levels. 
Spacings  wider  than  0.46  m  x  0.76  m  per  tree  (18  ins  by  24 
ins  per  tree)  are  suggested  based  on  survival  and  yield 
results.  Rotation  lengths  between  4  and  10  years  are 
recommended  based  on  research  results  in  this,  and  other 
studies.  Continued  research  on  genetics,  coppice  growth, 
management,  and  site  assessment  will  allow  further  speci- 
fication of  optimal  short-rotation  wood  production  scenarios 
for  field  sites. 
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Table  1.   Tree  spacings  and  planting  densities  studied 

in  short-rotation  wood  production  research  on  two 
southern  Illinois  sites. 


Tree  Spacing 
(inches) 


Tree  Spacing 
(meters) 


Trees/Acre    Trees/Hectare 


9x9 
12  X  12 

9  X  18 
12  X  18 
18  X  30 
24  X  30 


0.23  X  0.23 
0.30  X  0.30 
0.23  X  0.46 
0.30  X  0.46 
0.46  X  0.76 
0.61  X  0.76 


77,440 
43,560 
38,720 
29,040 
11,616 
8,712 


191,352 
107,635 
95,676 
71,757 
28,703 
21,527 


Table  2.   Mean  productivity  comparisons  for  three  recom- 
mended woody  biomass  species  grown  on  two  southern 
Illinois  sites. 


Species  Common  Name 


Annual  Yield  -^ '  ^ 
(oven-dry  tonnes/ha) 


Black  Locust 
Autumn  Olive 
American  Sycamore 


7.7  a 
6.7  b 
5.1   c 


Means  include  wood  production  for  seedling  and  coppice 
rotations  with  tree  spacings  ranging  from  0.2  3m  x  0.2  3m 
to  0.61m  X  0.76m  per  tree. 

Means  followed  by  the  same  letter  are  not  significantly 
different  at  the  95%  confidence  level. 
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Table  3.   Mean  productivity  for  three  woody  biomass  species 
over  seedling  and  coppice  rotations  on  two 
southern  Illinois  sites. 


o 


Species 


Rotation 
(years) 


Annual  Yield^'"^ 
(oven-dry  tonnes/ha) 


Autumn  Olive 


2s 
3s 
4s 
2c 
3c 


6.8 
6.6 
7.3 
6.9 
6.1 


American  Sycamore 


2s 
3s 
4s 
2c 
3C 


4 
4 
5 
6 
6 


1 
0 
1 
3 
2 


Black  Locust 


2s 
3s 
2c 
2cc 


5 

5 

12 

5 


8 
8 
9 
2 


c  =  first  coppice  rotation,  cc  =  second  coppice  rotation 
s  =  seedling  rotation 

9  .  .  .  . 

^   Means    include   a   variety   of   spacmgs    ranging    from   0.2  3m   x 
0.23m  to    0.61m   x   0.76m  per   tree. 

~^  Means  followed  by  the  same  letter  are  not  significantly 
different  at  the  95%  confidence  level. 


c 


I 
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Table  4.   Mean  productivity  comparisons  for  seedling  and 

coppice  rotations  for  woody  biomass  plots  on  two 
southern  Illinois  sites. 


Rotation  Length-^  Annual  Yield^'"^ 

(years)  (oven-dry  tonnes/ha) 


2c  7.6a 

4s  6.1   ab 

3c  6.1   ab 

2s  5.4   b 

3s  5.2   b 

2cc  5.2   b 


1 


2 


3 


c  =  first  coppice  rotation,  cc  =  second  coppice  rotation, 
s  =  seedling  rotation 

Means  include  wood  production  for  three  tree  species  at 
stand  densities  ranging  from  0.23m  x  0.23m  to  0.61m  x 
0.76m  per  tree. 

Means  followed  by  the  same  letter  are  not  significantly 
different  at  the  95%  confidence  level. 


Table  5.   Mean  productivity  comparisons  for  woody  biomass 
plots  on  two  southern  Illinois  sites. 

Annual  Yield"*-'^ 
Site  (oven-dry  tonnes/ha) 


Bottomland  6.2   a 

Upland  6.0   a 

Means  include  three  species  and  a  variety  of  spacings 


2 


ranging  from  0.23m  x  0.23m  to  0.61m  x  0.76m  per  tree. 

Means  followed  by  the  same  letter  are  not  significantly 
different  at  the  95%  confidence  level. 
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Table  6.   Mean  productivity  comparisons  for  a  variety  of 
tree  spacings  at  two  southern  Illinois  sites. 


o 


-1 

Spacing  Rank 


Spacing 


Annual  Yield^'^ 
(oven-dry  tonnes/ha) 


2 
3 

1 
4 
5 
6 


0. 

3  0in 

X 

0. 

3  0m 

0. 

23in 

X 

0. 

4  6m 

0. 

23in 

X 

0. 

23m 

0, 

3  0in 

X 

0. 

4  6m 

0. 

4  6m 

X 

0. 

7  6m 

0. 

61m 

X 

0. 

7  6m 

6 
6 
6 
6 
5 
4 


6 
5 
4 
0 
6 
4 


a 
a 
a 
a 
a 
b 


-'■  Spacing  rank  represents: 

1  =  highest  tree  density 
6  =  lowest  tree  density 

Means  include  wood  production  for  three  species  over 
seedling  and  coppice  rotations. 

Means  followed  by  the  same  letter  are  not  significantly 
different  at  the  95%  confidence  level. 
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ABSTRACT:   Regeneration  that  developed  within  5  years  after 
clearcutting  mature  upland  oak  stands  was  sampled  using 
milacre  plots  on  4  clearcut  areas  of  varying  productivity  on 
the  Sinnissippi  Forest  near  Oregon,  Illinois.   Vegetation  of 
mature  stands  similar  to  the  stands  that  had  been  clearcut 
was  also  characterized.   Oak  reproduction  was  mor^^abundant 
on  less-productive  sites.   Advance  regeneration  of '^k  in 
mature  stands  similar  to  those  clearcut  was  limil^d,^/;:,^ 
especially  on  the  more-productive  sites.     %,,      'V' 

INTRODUCTION  <\ 

Upland  oak  forests  cover  nearly  109  million  acres  of 
commercial  timberland  in  the  eastern  United  States.   Demand 
for  high  quality  oak  timber  for  both  domestic  and  export 
markets  is  currently  strong.   Therefore,  oak  production  has 
attracted  increased  attention  of  silviculturists.   Beginning 
in  the  early  1980 's  foresters  at  Sinnissippi  Forest  in 
northern  Illinois  adopted  even-aged  hardwood  management  via 
clearcutting  after  many  years  of  uneven-aged  management 
employing  the  single-tree  selection  method.   Clearcutting 
has  apparent  advantages  over  the  selection  method  for  mixed 
hardwood  forest  regeneration  in  the  central  United  States 
(Heiligmann  et  al.  1985,  Sander  1978) . 

In  order  for  foresters  to  effectively  manage  upland  oak 
stands,  knowledge  of  stand  composition,  response  and 
development  following  clearcutting  is  required.   The  primary 
objectives  of  this  study  were  to  determine  the  species 
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Department  of  Forestry,  University  of  Illinois  at  Urbana- 
Champaign. 


composition  and  development  of  young  regenerating  hardwood 
stands  after  clearcutting  and  to  relate  these 
characteristics  to  site  productivity. 


METHODS 

This  study  was  conducted  at  Sinnissippi  Forest,  a  2200- 
acre  private  forest  and  sawmill  business  in  Oregon,  Illinois 
(T.23N,  R.IOE,  4th  P.M.)«   During  mid  summer  of  1986,  four 
areas  in  hardwood  stands  that  had  been  clearcut  within  the 
last  3-5  years  were  studied.   One  site  was  classified  as  a 
black  oak-poor  site  (BO-P,  originally  having  80%  or  more 
black  oak  stems  with  the  capacity  to  produce  trees  50  feet 
tall  at  50  years) .   Two  sites  were  classified  as  mixed  oak- 
medium  (MO-M  1  &  2,  originally  having  50  -  79%  mixed  oak 
stems  with  the  capacity  to  produce  trees  60  feet  tall  at  50 
years) .   Mixed  oak  stand  number  1  was  of  poorer  quality  than 
mixed  oak  stand  number  2.   Another  clearcut  site  was 
classified  as  red  oak-good  (RO-G,  originally  having  80%  or 
more  northern  red  oak  stems  with  the  capacity  to  produce 
trees  70  feet  tall  at  50  years) .   Productivity  classes  had 
been  established  by  Mr.  Howard  Fox,  a  forester  for 
Sinnissippi  Forest.   On  poorer  sites,  Boone  Sand  and  Eleva 
Sandy  Loam  soils  predominated  while  on  the  better  sites 
Chelsea  Loamy  Sand  and  Martinsville  Silt  Loam  soils 
predominated.   Four  mature  forest  stands  that  were 
representative  of  the  soils  and  productivity  of  the  clearcut 
areas  were  also  studied. 

Using  a  square  frame,  milacre  plots  were  randomly 
placed  within  the  eight  measured  stands.   Stands  averaged  7 
acres  and  ranged  from  3  to  11  acres  in  area.   Ten  milacre 
plots  were  used  per  stand,  except  in  the  largest  stand  of  11 
acres  which  had  11  milacre  plots.   Within  each  milacre  plot, 
the  number  of  woody  seedling  and  sapling  stems  (those  less 
than  4  inches  in  diameter  at  breast  height  or  dbh)  was 
tallied  by  species,  and  an  estimate  was  made  of  the 
percentage  of  each  plot  covered  by  the  crowns  of  each 
species  of  seedling  and  sapling  by  individual  tree.   The 
height  of  each  seedling  and  sapling  was  measured.   Estimates 
of  the  percentages  of  the  plot  covered  by  grassy  species, 
herbaceous  species,  woody  vines  and  woody  shrubs  were  also 
made. 

Mature  stands  were  further  characterized  using  one- 
tenth-acre  circular  plots,  randomly  located  in  stands  at 
five  per  stand  to  determine  basal  area.   Both  species  and 
dbh  for  all  trees  greater  than  4  inches  dbh  within  the  one- 
tenth  acre  plots  was  determined.   Also,  one  100-foot 
transect  oriented  randomly  with  respect  to  azimuth  across 
each  one-tenth  acre  plot  was  used  to  estimate  total  tree 
crown  cover  by  species  for  overstory  and  subcanopy  trees. 


RESULTS  AND  DISCUSSION 

The  estimated  number  of  seedlings  and  saplings  per  acre 
on  clearcuts  for  the  three  predominant  species  of  oak  at 
Sinnissippi  Forest  (white  oak,  Ouercus  alba;  northern  red 
oak,  Q.    rubra ;  and  black  oak  Q,   velutina)  are  given  in  Table 
1.   In  general,  the  number  of  oak  seedlings  and  saplings  per 
acre  decreased  as  the  quality  of  the  site  increased.   White 
oak,  for  example,  had  an  estimated  6,818  seedlings  and 
saplings  per  acre  on  the  black  oak-poor  site  while  only  an 
estimated  1,000  per  acre  were  found  on  the  red  oak-good 
site.   There  is  an  anomolous  decrease  to  500  white  oak  stems 
per  acre  on  the  mixed  oak-medium  number  2  site  probably 
because  strip  clearcutting  had  been  employed  and  the  area 
had  become  overgrown  with  Vitis  spp.  and  Rubus  spp.  in  the 
wide  strips.   Oak  apparently  had  difficulty  regenerating 
within  the  strips  due  to  this  high  level  of  competition. 
The  results  in  Table  1  are  supported  by  a  study  conducted  by 
Hilt  (1985) .   He  found  that  oaks  dominated  only  poorer  sites 
in  a  midwestern  U.S.  study  area  after  clearcutting.   On  the 
better  sites,  the  oaks  can  be  replaced  by  other  species  such 
as  yellow-poplar  (Liriodendron  tulipifera) ,  maple  (Acer 
spp.),  black  cherry  (Primus  serotina) ,  bigtooth  aspen 
(Populus  arandidentata) ,  and  white  ash  (Fraxinus  americana) . 


Table  1.   Numbers  of  Oak  Seedlings  and  Saplings  in  Recent 
Sinnissippi  Forest  Clearcuts. 


SITE    NO.  OF    MEAN  NO.  STEMS 
PLOTS       PER  PLOT 

-  STAND.  DEV. 


ESTIM.  NO.  STEMS    REL. 
PER  ACRE         FREQ 


**SPECIES: 

OUERCUS   ALBA 

BO-P 

11 

6.8  - 

10.4 

6800 

0.6 

MO-M  1 

10 

1.6  ± 

1.4 

1600 

0.6 

MO-M  2 

10 

0.5  ± 

0.9 

500 

0.3 

RO-G 

10 

1.0  ± 

1.3 

1000 

0.4 

**SPECIES: 

OUERCUS  RUBRA 

BO-P 

11 

MO-M  1 

10 

2.5  ± 

4.4 

2500 

0.5 

MO-M  2 

10 

0.9  - 

1.6 

900 

0.3 

RO-G 

10 

0.5   ± 

1.0 

500 

0.2 

**SPECIES: 

OUERCUS  VELUTINA 

BO-P 

11 

2.8   ± 

2.2 

2800 

0.8 

MO-M  1 

10 

0.2   - 

0.4 

200 

0.2 

MO-M  2 

10 

RO-G 

10 

BO-P  is  a  black  oak  site  with  a  site  index  of  50. 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60. 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 


In  addition  to  the  oaks,  general  trends  were  also  found 
for  regeneration  of  other  tree  species  in  clearcuts. 
Regeneration  of  Carya  cordiformis.  C.  ovata .   Prunus 
serotina.  and  Cornus  spp.  was  more  abundant  as  the  quality 
of  the  site  increased  (See  Appendix  1) .   Ulmus  rubra  and  U. 
americana  were  notably  absent  on  the  poorest  site  (See 
Appendix  1) . 

Table  2  shows  the  estimated  number  of  seedlings  and 
saplings  per  acre  for  the  oak  species  as  advance 
regeneration  within  the  mature  stands.   Q.  alba  had  the 
greatest  numbers  on  the  four  sites.  Q,    alba  stems  declined 
however,  as  the  quality  of  the  site  increased.  Q.    rubra 
advance  regeneration  was  more  prominent  on  good  to  medium 
sites,  and  was  absent  on  the  poor  site.   Whereas  Q.    velutina 
predominated  only  on  the  poor  site.   Because  of  difficulties 
in  differentiating  the  young  seedlings  of  red  and  black  oak 
for  the  mixed  oak-medium  stand  number  2,  the  species  are 


( 


ft) 


combined  as  the  red  oak  group  in  Table  2 .   No  general 
patterns  were  evident  for  advance  regeneration  of  other  tree 
species  in  the  mature  stands  (See  Appendix  2) . 


Table  2.   Numbers  of  Oak  Seedlings  and  Saplings  in  Sinnissippi 
Forest  Mature  Stands. 


SITE    NO.  OF    MEAN  NO.  STEMS 
PLOTS        PER  PLOT 

-  STAND.  DEV. 


ESTIM.  NO.  STEMS    REL. 
PER  ACRE        FREQ. 


**SPECIES:   OUERCUS  ALBA 
BO-P      10 
MO-M  1    10 
MO-M  2    10 
RO-G      10 


29.6 

i  10.4 

29600 

1.0 

4.5 

i   3.9 

4500 

0.8 

14.3 

±  16.0 

14300 

0.9 

**SPECIES: 

OUERCUS 

RUBRA 

BO-P 

10 

MO-M  1 

10 

2.8   - 

MO-M  2 

10 

RO-G 

10 

9.5   ± 

**SPECIES: 

OUERCUS 

VELUTINA 

BO-P 

10 

4.9  ^ 

MO-M  1 

10 

0.8   - 

MO-M  2 

10 

RO-G 

10 

2.9 


7.0 


3.5 
2.4 


2800 

0.7 

9500 

1.0 

4900 

1.0 

800 

0.1 

**SPECIES:   RED  OAK  GROUP 
BO-P      10 
MO-M  1    10 


MO-M  2 
RO-G 


10 
10 


9.5   -  12.2 


9500 


0.7 


BO-P  is  a  black  oak  site  with  a  site  index  of  50 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 


Mean  percentage  cover  per  acre  was  also  estimated  for 
all  eight  sites  (Tables  3  and  4) .   Total  coverage  greater 
than  100  percent  was  due  to  the  overlapping  of  plants  of 
varying  heights.   However,  no  significant  trends  are 
apparent,  except  for  an  increase  in  herbaceous  cover  with 
increasing  site  quality. 

Table  5  shows  the  percentage  overstory  and  subcanopy 
cover  that  occurred  in  the  four  mature  stands.   The 
overstory  covers  consisted  of  the  three  primary  oak  species, 
with  Q.    alba  being  the  most  dominant  on  the  poor  and  medium 
sites,  while  Q,    rubra  was  a  principal  tree  species  on  the 
good  site.   The  subcanopies  of  the  four  sites  consisted  of 
seven  species  (Table  5) .   From  this  data,  it  was  determined 
that  the  subcanopies  were  largely  dominated  by  black  cherry 
(Prunus  serotina)  and  Ulmus  spp.   The  elms  occurred  more 
often  on  the  better  sites. 

Basal  area  per  acre  was  another  criterion  measured  in 
the  mature  stands  and  is  summarized  in  Table  6.   Q.  alba  is 
again  the  dominant  species  in  terms  of  estimated  basal  area 
per  acre  for  the  poor  and  medium  sites,  while  Q,    rubra  was 
the  principal  species  on  the  good  site. 

Heights  of  trees  less  than  4  in.  dbh  varied 
considerably  and  no  trends  in  height  by  species  or  site  were 
apparent. 


Table 

s  3 .   Mean 

Percentage 

Cover  of 

Saplings, 

Tree  Seec 

ilings 

and 

other  Plants  in  Sinnissippi  Forest  Clearcuts. 

SITE 

NO.  OF 

OUERCUS 

OUERCUS 

OUERCUS 

PRUNUS 

ULMUS 

CORNUS 

PLOTS 

ALBA 

RUBRA 

VELUTINA 

SEROTINA 

SPP. 

SPP. 

BO-P 

11 

33 

26 

44 

5 

MO-M 

1 

10 

17 

18 

2 

4 

24 

5 

MO-M 

2 

10 

3 

8 

• 

47 

17 

15 

RO-G 

10 

4 

3 

22 

5 

20 

SITE 

NO.  OF 

CARYA 

CARYA 

OTHER 

SHRUBS 

HERBS 

GRASSES 

PLOTS 

OVATA   CORDIFORMIS 

TREES 

&  VINES 

BO-P 

11 

27 

82 

30 

49 

MO-M 

1 

10 

1 

2 

25 

103 

48 

35 

MO-M 

2 

10 

15 

15 

2 

169 

22 

6 

RO-G 

10 

17 

9 

12 

86 

84 

46 

BO-P  is  a  black  oak  site  with  a  site  index  of  50. 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60. 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 


Table  4.   Mean  Percentage  Cover  of  Saplings,  Tree  Seedlings  and 

Ground  Cover  Plants  in  Sinnissippi  Forest  Mature  Stands. 


SITE 


BO-P 
MO-M  1 
MO-M  2 
RO-G 


SITE 


BO-P 
MO-M  1 
MO-M  2 
RO-G 


NO.  OF 
PLOTS 

10 
10 
10 
10 


NO.  OF 
PLOTS 

10 
10 
10 
10 


OUERCUS 
ALBA 

31 

12 

4 


CORNUS 
SPP. 

3 
10 


OUERCUS 
RUBRA 


5 
5 


CARYA 
OVATA 


OUERCUS 
VELUTINA 

9 

1 


CARYA 
CORDIFORMIS 


9 

7 
6 


6 

20 
10 


:ED  OAK 

PRUNUS 

ULMUS 

GROUP 

SEROTINA 

SPP. 

20 

1 

5 

59 

7 

16 

61 

6 

56 

OTHER 

SHRUBS  & 

HERB 

TREES 

VINES 

6 

28 

43 

17 

35 

54 

21 

43 

38 

4 

24 

65 

SITE 


NO.  OF 
PLOTS 


GRASSES 


BO-P 
MO-M  1 
MO-M  2 
RO-G 


10 
10 

10 
10 


30 

1 
6 

1 


BO-P  is  a  black  oak  site  with  a  site  index  of  50 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 


Table  5a. 


SITE 


Percentage  of  Subcanopy  Cover  in  Sinnissippi  Forest 
Mature  Stands  by  Species  (5  transects  per  site) . 


PRUNUS 
SEROTINA 


CELTIS 
OCCIDENTALIS 


ULMUS 


ULMUS 


AMERICANA   RUBRA 


ACER 
NEGUNDO 


FRAXINUS 
AMERICANA 


c 


MORUS 
SPP. 


BO-P 

8 

MO-M 

1 

15 

MO-M 

2 

7 

RO-G 

3 

7 
22 
60 


Table  5b. 


SITE 


Percentage  of  Overstory  Canopy  Cover  by  Species  in  Sinnissippi 
Forest  Mature  Stands  (5  transects  per  site) . 


OUERCUS 
ALBA 


OUERCUS 
RUBRA 


OUERCUS 
VELUTINA 


BO-P 

84 

MO-M  1 

73 

2 

MO-M  2 

64 

RO-G 

3 

73 

BO-P  is  a  black  oak  site  with  a  site  index  of  50. 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60. 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 


Table  6.   Basal  Area  per  Acre  (ft^)  in  Sinnissippi  Forest 
Mature  Stands  (5  plots  per  site) . 


SITE 

OUERCUS    ( 

DUERCUS 

OUERCUS 

PRUNUS 

ULMUS 

ULMUS 

CELTIS 

ALBA 

RUBRA 

VELUTINA 

SEROTINA 

AMERICANA 

RUBRA 

OCCIDENTALIS 

BO-P 

95 

3 

1 

MO-M 

1 

41 

1> 

4 

7 

1 

MO-M 

2 

67 

8 

3 

1 

1 

1> 

RO-G 

97 

1> 

15 

1 

1> 

SITE 

FRAXINUS 

POPULUS 

CARYA 

ACER 

AMERICANA 

GRANDIDENTATA 

CORDIFORMIS 

NEGUNDO 

BO-P 

MO-M 

1 

1 

5 

1 

1> 

MO-M 

2 

1 

1> 

RO-G 

1 

BO-P  is  a  black  oak  site  with  a  site  index  of  50. 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60. 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 
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CONCLUSION 

Of  the  species  identified,  northern  red,  white  and 
black  oaks  were  the  primary  species  of  oak  present.   Other 
species  of  hickory,  elm,  cherry  and  blackberry  (Rubus)  were 
also  common  on  these  sites.   For  the  clearcuts,  poor  to 
medium  quality  sites  were  found  to  have  better  oak 
regeneration.   On  the  poorer  sites  oak  probably  has  a 
competitive  advantage  due  to  reduced  competition.   On  the 
better  sites  oak  regeneration  is  supplanted  early  after 
clearcutting  by  plant  species   that  apparently  compete 
better  for  space,  moisture  and  sunlight  (Table  3) .   This  is 
clearly  not  the  case  on  poorer  sites  where  oaks  regenerate 
successfully  after  clearcutting. 

ACKNOWLEDGEMENTS 

Salaries  and  research  support  for  students  provided  by 
the  Department  of  Forestry  at  the  University  of  Illinois, 
Urbana-Champaign.    Additional  support  and  guidance  provided 
by  W.  P.  Miller,  Sinnissippi  Forest  owner. 

LITERATURE  CITED 

Heiligmann,  R.  B. ,  E.  R.  Norland,  and  D.  E.  Hilt.   1985. 

28-year-old  reproduction  on  five  cutting  practices  in 
upland  oak.   North  J.  Appl.  For.  2(1): 17 -22. 

Hilt,  D.  E.   1985.   Species  composition  of  young  central 

hardwood  stands  that  develop  after  clearcutting.   In 
Proceedings  Fifth  Cent.  Hardwood  For.  Conf.   J.  O. 
Dawson  and  K.  A.  Majerus,  eds.,  Department  of 
Forestry,  University  of  Illinois,  pp.  11-14. 

Sander,  I.  L.   1978.   Silvicultural  systems  for  the  oak- 
hickory  forest  type.   Joint  Convention  of  the  Soc.  of 
Amer.  For.  and  the  Canadian  Inst,  of  For.   5  pp. 


APPENDIX 


Appendix  1. 


Numbers  of  Seedlings  and  Saplings  of  Tree  Species 
other  than  Oak  in  Sinnissippi  Forest  Clearcuts. 


SITE    NO.  OF    MEAN  NO.  STEMS 
PLOTS        PER  PLOT 

-  STAND  DEV. 


ESTIM.  NO.  STEMS    REL. 
PER  ACRE        FREQ. 


BO-P 

11 

MO-M  1 

10 

MO-M  2 

10 

RO-G 

10 

.2  -  0.4 
.4  -  0.4 
.4  -   0.9 


200 

0.2 

400 

0.4 

400 

0.2 

**SPECIES:   CARYA  OVATA 
BO-P      11 


MO-M  1 

10 

.1  -  0.3 

MO-M  2 

10 

.9  -  0.8 

RO-G 

10 

1.1  -  1.4 

**SPECIES: 

PRUNUS  SEROTINA 

BO-P 

11 

1.0  -  0.9 

MO-M  1 

10 

0.2  -  0.6 

MO-M  2 

10 

1.6  -  1.9 

RO-G 

10 

2.0  -  2.1 

**SPECIES: 

CORNUS  SPP. 

BO-P 

11 

1.8  ^  5.1 

MO-M  1 

10 

0.4  -  1.2 

MO-M  2 

10 

2.7  -   5.1 

RO-G 

10 

4.9  -  7.7 

**SPECIES:   ULMUS  SPP.  (AMERICANA  and  RUBRA) 
BO-P      11 


MO-M  1 
MO-M  2 
RO-G 


10 
10 
10 


0.8  -  1.5 
1.5  -  3.0 
0.3  -  0.9 


**SPECIES: 
BO-P      11 
MO-M  1    10 
MO-M  2    10 
RO-G      10 


OTHER  SPP. 


1.2  -  1.2 
1.9  -  1.8 
0.1  -  0.3 
1.7  -  3.1 


100 

0.1 

900 

0.6 

1100 

0.6 

1000 

0.7 

200 

0.1 

1600 

0.6 

2000 

0.7 

1800 

0.3 

400 

0.1 

2700 

0.3 

4900 

0.6 

RUBRA) 

800 

0.3 

1500 

0.4 

300 

0.1 

1100 

0.7 

1900 

0.7 

100 

0.1 

1700 

0.4 

BO-P  is  a  black  oak  site  with  a  site  index  of  50 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 


ippendix  2 . 


Numbers  of  Seedlings  and  Saplings  of  Tree  Species 
other  than  Oak  in  Sinnissippi  Forest  Mature  Stands 


SITE    NO.  OF    MEAN  NO.  STEMS 
PLOTS        PER  PLOT 

-  STAND  DEV. 


ESTIM.  NO.  STEMS    REL. 
PER  ACRE        FREQ. 


**SPECIES:   CARYA  CORDIFORMIS 
BO-P      10 


MO-M  1 
MO-M  2 
RO-G 


10 
10 
10 


0.5 


0.9 


0.2  -  0.4 
0.2  -  0.4 


500 
200 
200 


0.3 
0.2 
0.2 


**SPECIES:   CARYA  OVATA 
BO-P      10 


MO-M  1 
MO-M  2 
RO-G 


10 
10 
10 


**SPECIES: 
BO-P      10 
MO-M  1    10 
MO-M  2    10 
RO-G      10 


0.4  -  0.7 


0.1  -  0.3 


PRUNUS  SEROTINA 
0.6  -  0.8 
1.1  -  1.3 
0.3  -  0.5 


400 

0.3 

100 

0.1 

600 

0.4 

1100 

0.5 

300 

0.3 

''«*SPECIES: 
BO-P      10 
MO-M  1    10 
MO-M  2    10 
RO-G      10 


Cornus  spp 
1.5 
2.6 


+ 
+ 


3 
6 


0.7  -  1.2 


1500 
2600 

700 


0.3 
0.7 

0.3 


**SPECIES:   Ulinus  spp.  (americana  and  rubra) 
BO-P      10         0.3-0.6 


MO-M  1 
MO-M  2 
RO-G 


10 
10 
10 


0.1  -  0.3 


1.2 


**SPECIES:   OTHER  SPP, 


BO-P 
MO-M  1 
MO-M  2 
RO-G 


10 
10 
10 
10 


1.1 


1.9  -  4.7 


1.8  -  1.7 
0.8  -  1.1 
1.3  -  0.9 
0.3  -  0.5 


300 

0.2 

100 

0.1 

1200 

0.7 

1900 

0.3 

1800 

0.8 

800 

0.4 

1300 

0.8 

300 

0.3 

BO-P  is  a  black  oak  site  with  a  site  index  of  50 
MO-M  is  a  mixed  oak  site  with  a  site  index  of  60 
RO-G  is  a  red  oak  site  with  a  site  index  of  70. 
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FORE^iRY^.RESEARCH 

^^^"^  s,\'^'^  o^.^^^'^  REPORT      agricultural  experiment  station 

^^       ,  o^  "Apartment  of  forestry        university  of  illinois  at  urbana-champaign 

634.9 
F7626 
4    1937 

No.    87-4  March,    1987 

DIXON  SPRINGS  AGRICULTURAL  CENTER  WEATHER  1983^ 
L.  E.  Arnold^ 

The  Dixon  Springs  Agricultural  Center  (DSAC)  weather 
station  is  located  at  37  26'  latitude,  88  40'  longitude. 
Township  12  South,  Range  5  East,  Section  32  (Field  310) . 
The  station  is  on  a  five  percent  slope  of  Grantsburg  silt 
loam  soil  at  540  feet  above  mean  sea  level.   The  surface 
slopes  downward  to  the  northwest.   The  station  is  near  the 
watershed  divide  between  Hayes  Creek  and  Sugar  Creek  of  Pope 
County,  Illinois. 

Daily  weather  observations  were  made  using  monitoring 
equipment  meeting  the  specifications  of  the  National  Weather 
Service  (NWS)  ,  National  Oceanic  and  Atmospheric 
Administration  (NOAA) ,  and  the  United  States <ijepartment  of 
Commerce.   Weather  data  were  transferred  to^vJ'S; ^sing  the 
Nationwide  Touch-Tone  system  (NATS)  ,  a  <<^.^mp'^ieril5i^d 
telephone  response  system.   The  DSAC  weather  i^tatl^^  was 
part  of  the  NOAA  "severe"  weather  reportin^ne-cwork;'^>,  Direct 
immediate  reports  of  tornadoes,  damaging  win^, '^eavy^ 'rains, 
hail,  ice  or  flash  flooding  are  made  as  required. 


In  addition  to  the  periodic  summaries  which ^'are  sent  to 
the  NOAA  Center  in  Asheville,  North  Carolina,  for 
compilation  and  publication,  evaporation  data  were  added  to 
the  publication  list  in  July,  1982. 

Data  are  entered  into  a  computerized  database  for 
compilation  and  annual  results.   Tables  1,  2,  and  3  are  a 
summary  of  weather  conditions  for  1983.   Some  specific 
percentages  of  the  1983  weather  are  summarized  below. 

MAXIMUM  TEMPERATURE,  99  F  (37.2  C) ,  July  21  and  August 
20,21,22  and  26. 


■'"Hatch  Project  01-325 

^L.  E.  Arnold,  Forester,  Department  of  Forestry,  University 

of  Illinois,  Urbana,  Illinois,  61801,  USA. 


THE  ILLINOIS  AGRICULTURAL  EXPERIMENT  STATION  PROVIDES  EQUAL  OPPORTUNITIES  IN  PROGRAMS  AND  EMPLOYMENT 


MINIMUM  TEMPERATURE,  -9  F  (-22.8  C) ,  December  25  and 
29. 

THE  WARMEST  WEEK,  the  week  ending  July  25  with 
temperatures  averaging  85.1  F  (29.5  C).   The  2 4 -year 
normal  for  warmest  week  of  July  was  78.0  F  (25.6  C) . 


THE  COLDEST  WEEK,  the  week  ending  December  26  with 
temperatures  averaging  12.5  F  (-10.8  C) .   The  coldest 
week,  with  an  19-year  average  of  26.0  F  (-3.3  C) . 

GREATEST  AMOUNT  OF  PRECIPITATION, 2 4 -hour  period,  ending 
at  4:00  p.m.  April  30  with  3.05  inches. 

WEEK  WITH  GREATEST  AMOUNT  OF  PRECIPITATION,  ending  May 
2,  6.11  inches.  The  greatest  amount  of  precipitation 
normally  occurs  in  March. 

THE  WINDIEST  DAY,  January  15  with  wind  movement 
averaging  8.13  miles  per  hour. 

GREATEST  AMOUNT  OF  EVAPORATION,  2.0  inches  during  the 
week  ending  august  22.   The  normal  (22-year)  highest 
evaporation  week  (1.55  inches)  is  the  week  ending  July 
25. 

MAXIMUM  SOLAR  RADIATION,  4059  langleys  for  the  week 
ending  June  13.   The  week  ending  June  2  0  had  the 
highest  solar  radiation  normal  (average  3640  langleys) . 

MINIMUM  SOLAR  RADIATION,  64  8  langleys  for  the  week 
ending  October  24.   Normal  low  averages  850  langleys 
for  a  week. 

GREATEST  AMOUNT  OF  GROWING  DEGREE  (  F)  DAYS,  2  07  G.D.D. 
during  the  week  ending  July  25.  The  greatest  normal  of 
187  G.D.D.  occurred  during  the  week  ending  July  25. 

LIVESTOCK  SHIPPING  DANGER,  110  hours  during  the  week 
ending  July  25.  The  normal  (48  hours)  occurred  the 
weeks  ending  July  18  and  25. 

THE  FIRST  LIGHT  FROST,  occurred  on  September  22  with 
air  temperature  of  32  F  (0.0  C)  killing  some 
vegetation. 

SNOWFALL,  total  annual  snowfall  3.8  inches  (9.7  cm); 
maximum  depth  was  1  inch  (2.5  cm);  greatest  2 4 -hour 
accumulation  was  0.8  inch  (2.0  cm). 

ANNUAL  RAINFALL  for  1983  was  55.7  inches.   The  4  6  year 
normal  is  47.0  inches. 


W  Data  recorded  at  the  DSAC  weather  station  in  1983  were 

published  in  the  following  national  and  state  publications 
and  made  available  through  most  libraries: 

Published  by  the  Department  of  commerce.  National 
Oceanic  and  Atmospheric  Administration,  National 
Environmental  Satellite,  Data  and  Information  Service, 
National  Climatic  Data  Center,  Federal  Building,  Asheville, 
NC  28801: 

(1)  Climatological  Data  (Illinois  )  Volume  88 

(2)  Hourly  Precipitation  Data  (Illinois  )  Volume  33 
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TABLE  1.  PRECIPITATION  AND  SOIL  MOISTURE 


Soil  Moisture^ 

Week 

Bare 

Week  ending 

Preclpltatior 

3 

Snowfall" 

Snowcover" 

Sod 

soil 

no^    1983^ 

Week 

Month 

Norm 

Week 

Norm 

Month 

Norm 
....... 

Week 

Norm 

Month 

Norm 

1" 

2- 

4- 

2- 

<-  - 

(Inches) 



<-"  - 

.  -  (Da> 

s)  -  - 

-  -  > 

<-  . 

{%) 



-  -> 

1   Jan  10 

0.00 

_ 

0.00 

1.36 

0 

1.44 

^K 

22. 

27 

", 

2      17 

0.00 

- 

0.00 

1.60 

0 

2.63 

24^ 

19' 

24 

K 

3      24 

1.66 

- 

0.80 

1.10 

1 

2.06 

30 

28 

26^ 

4      31  , 

0.30 

- 

0.00 

0.86 

0 

1.69 

25 

29 

29 

32 

JAN  total' 

1. 

96 

3. 

76 

0.80 

5.36 

1.00 

8.94 

21^ 

5   Feb  7 

0.82 

- 

0.80 

0.82 

0 

1.88 

25^ 

28 

29 

6      14 

0.01 

- 

0.00 

0.94 

0 

1.63 

21 

22 

27 

27 

7      21 

0.00 

- 

0.00 

0.99 

0 

1.88 

20 

21 

26 

25 

8      28 

0.11 

- 

0.00 

0.57 

0 

0.81 

20 

20 

25 

24 

FEB  TOTAL 

0 

94 

3. 

50 

0.80 

3.03 

0.00 

6.00 

9   Mar  7 

1.53 

- 

0.00 

0.51 

0 

0.63 

31 

28 

29 

30 

10      14 

0.09 

. 

0.40 

0.64 

0 

0.13 

20 

21 

26 

26 

11      21 

1.09 

- 

0.00 

0.28 

0 

0.19 

23 

28 

28 

32 

12      28 

0.92 

. 

0.00 

0.72 

0 

0.31 

23 

26 

28 

29 

MAR  TOTAL 

3 

75 

5. 

09 

0.40 

1.99 

0.00 

1.06 

13   Apr  4 

0.97 

. 

0.00 

0.00 

0 

0.00 

25 

27 

29 

30 

14      11 

3.01 

- 

0.00 

0.00 

0 

0.00 

25 

26 

29 

28 

15      18 

2.62 

- 

1.00 

0.28 

0 

0.06 

21 

23 

28 

27 

16      25 

0.26 

- 

0.00 

0.00 

0 

0.00 

19 

19 

24 

26 

APR  TOTAL 

12 

40 

4 

73 

1.00 

0.28 

0.00 

0.06 

17   May  2 

6.11 

- 

0.00 

0.00 

0 

0.00 

32 

34 

30 

35 

18       9 

3.27 

- 

0.00 

0.00 

0 

0.00 

22 

22 

27 

28 

19      16 

3.52 

. 

0.00 

0.00 

0 

0.00 

25 

26 

30 

29 

20      23 

1.52 

. 

0.00 

0.00 

0 

0.00 

25 

24 

28 

28 

21      30 

0.38 

- 

0.00 

0.00 

0 

0.00 

19 

20 

24 

25 

MAY  TOTAL 

9 

14 

4 

85 

0.00 

0.00 

0.00 

0.00 

22   Jun  6 

0.73 

- 

0.00 

0.00 

0 

0.00 

20 

20 

24 

24 

23      13 

0.00 

_ 

0.00 

0.00 

0 

0.00 

17 

15 

19 

19 

24      20 

1.29 

. 

0.00 

0.00 

0 

0.00 

21 

20 

25 

23 

25      27 

0.56 

. 

0.00 

0.00 

0 

0.00 

18 

15 

24 

24 

JUN  TOTAL 

6 

.06 

3 

84 

0.00 

0.00 

0.00 

0.00 

26   Jul  4 

5.16 

. 

0.00 

0.00 

0 

0.00 

32 

26 

30 

30 

27      11 

0.01 

- 

0.00 

0.00 

0 

0.00 

19 

19 

23 

22 

28      18 

0.00 

_ 

0.00 

0.00 

0 

0.00 

16 

14 

17 

19 

29      25 

0.37 

- 

0.00 

0.00 

0 

0.00 

16 

12 

15 

23 

JUL  TOTAL 

2 

.06 

3 

93 

0.00 

0.00 

0.00 

0.00 

30   Aug  1 

0.27 

_ 

0.00 

0.00 

0 

0.00 

15 

11 

18 

23 

31       8 

0.24 

- 

0.00 

0.00 

0 

0.00 

16 

11 

14 

21 

32      15 

0.00 

- 

0.00 

0.00 

0 

0.00 

13 

10 

12 

18 

33      22 

0,00 

- 

0.00 

0.00 

0 

0.00 

11 

9 

11 

17 

34      29 

0.53 

- 

0.00 

0.00 

0 

0.00 

16 

10 

17 

21 

AUG  TOTAL 

1 

.04 

3 

74 

0.00 

0.00 

0.00 

0.00 

35   Sep  5 

0.00 

- 

0.00 

0.00 

0 

0.00 

13 

9 

12 

18 

36      12 

0.46 

- 

0.00 

0.00 

0 

0.00 

14 

8 

12 

25 

37      19 

0.00 

- 

0.00 

0.00 

0 

0.00 

14 

10 

12 

19 

38      26 

0.20 

- 

0.00 

0.00 

0 

0.00 

13 

8 

11 

19 

SEP  TOTAL 

0 

.66 

3 

00 

0.00 

0.00 

0.00 

0.00 

39   Oct  3 

0.00 

- 

0.00 

0.00 

0 

0.00 

12 

8 

11 

18 

40      10 

3.58 

. 

0.00 

0.00 

0 

0.00 

34 

25 

28 

21 

41      17 

1.16 

- 

0.00 

0.00 

0 

0.00 

34 

26 

30 

23 

42      24 

1.03 

. 

0.00 

0.00 

0 

0.00 

33 

26 

31 

23 

43      31 

0.00 

- 

0.00 

0.00 

0 

0.00 

33 

25 

29 

21 

OCT  TOTAL 

5 

.77 

2 

.56 

0.00 

0.00 

0.00 

0.00 

44   Nov  7 

1.65 

- 

0.00 

0.00 

0 

0.00 

32 

23 

30 

22 

45      14 

0.82 

. 

0.00 

0.00 

0 

0.00 

25 

22 

30 

22 

46      21 

1.07 

- 

0.00 

0.00 

0 

0.00 

23 

22 

30 

23 

47      28 

4.22 

- 

0.00 

0.19 

0 

0.13 

23 

27 

30 

26 

NOV  TOTAL 

7 

.76 

3 

97 

0.00 

0.18 

0.00 

0.18 

48   Dec  5 

1.27 

- 

0.00 

0.13 

0 

0.19 

23 

27 

29 

28 

49      12 

1.40 

- 

0.00 

0.06 

0 

0.31 

22 

27 

29 

27 

50      19 

0.50 

. 

0.00 

0.13 

0 

0.31 

18 

18 

25 

8 

51      26 

0.64 

. 

0.00 

0.47 

0 

0.38 

10 

8 

10 

6 

52   Jan  2 

0.35 

- 

0.75 

0.46 

5 

0.75 

14 

11 

11 

9 

DEC  TOTAL 

4 

.16 

4 

01 

0.75 

1.26 

5.00 

2.24 

Average   1.07^ 


10 


10 


21.17  19.88  23.52  23.44 


'The  week  number  of  calendar  year  1983. 

^The  date  that  the  week  1n  column  1  ends. 

^Weekly  amount  representing  all   precipitation  in  terms  of  Inches  of  rainfall   regardless  of  form  (rainfall,   snow,  etc.). 

Ten  inches  of  snow  equal    approximately  one  inch  of  rainfall.     The  normal   was  computed  from  46  years  of  data. 
■•Normals  were  computed  from  16  years  of  data. 
^Grantsburg  silt  loam.     Measured  with  Coleman  fiberglas  moisture  units  at  the     end  of  each     week.     The  value  represents 

the  water  in  the  soil   which  could  be  removed  by  oven  drying  at  105°C.     In  this  soil,  wilting  point  ranges  from  6  to  10 

percent  and  field  capacity  from  25  to  30  percent  moisture.     Taken  under  bare  soil    at  two     inches  and  under  sod  at  one, 

two  and  four  inches  (see  Reference  2). 
^Soil    frozen. 
^Monthly  total. 

^Total    rainfall    for  1983  was  55.70  Inches;  46-year  annual    average  is  46.98. 
^Average  annual    snowfall    for  16  years  is  12.11  Inches. 
lOAverage  days  per  year  of  snow-cover  is  17.63. 


TABLE  2.     WEEKLY  AIR  AND  SOIL  TEMPERATURE 


Soil    temperature^ 


Week 
ending 
19832 

Air  temp^eratur 

.e3 

Under  sod 

Bare 

soil 

1 

H 

I 

>" 

4 

II 

I" 

i 

1" 

4 

u 

Week 

Avg 
max 

Norm 

Avg 

Norm 

Avg 

Norm 

Avg 

max 

Norm 

Avg 

Norm 

Avg 

noi 

Max 

M1n 

Avg 

Norm 

Norm 

JAN 

10 

>w— ~      1 

("F^   — 

1 

56 

19 

41.9 

31.5 

44.2 

37.0 

42.3 

I  r  )   " 
32.0 

42.7 

35.4 

46.9 

38.3 

41.8 

34.5 

41.5 

34.1 

2 

17 

52 

12 

33.9 

26.0 

41.3 

35.0 

39.7 

33.7 

40.6 

33.6 

39.5 

34.0 

37.6 

31.4 

38.3 

31.5 

3 

24 

38 

15 

29.9 

34.2 

36.7 

36.8 

36.3 

32.9 

37.1 

32.6 

35.0 

33.9 

34.3 

31.5 

35.0 

31.8 

4 

31 

47 

29 

37.0 

33.4 

43.3 

37.4 

41.3 

34.9 

41.4 

34.2 

43.2 

36.3 

38.7 

33.2 

38.5 

32.9 

5 

FEB 

7 

53 

16 

32.4 

32.8 

40.8 

37.6 

39.5 

35.0 

40.4 

34.6 

39.8 

34.5 

38.4 

32.5 

39.0 

32.7 

6 

14 

57 

22 

38.7 

33.1 

43.6 

34.9 

40.7 

33.1 

41.0 

32.6 

50.2 

34.7 

42.3 

32.1 

41.5 

32.1 

7 

21 

70 

25 

47.0 

34.9 

48.0 

37.5 

43.3 

35.5 

42.8 

34.8 

57.2 

36.9 

46.2 

35.0 

45.1 

34.8 

8 

28 

70 

15 

43.3 

41.3 

47.8 

43.8 

44.7 

40.0 

44.7 

39.1 

51.9 

45.3 

45.0 

41.4 

45.0 

40.3 

9 

MAR 

7 

80 

30 

60.4 

43.3 

56.3 

46.6 

51.7 

42.0 

50.8 

40.9 

65.8 

48.3 

55.1 

43.7 

54.0 

42.8 

10 

14 

66 

26 

40.8 

44.8 

47.9 

49.6 

44.9 

44.2 

45.1 

43.6 

52.2 

53.2 

44.3 

44.2 

44.1 

43.5 

11 

21 

70 

31 

50.1 

46.0 

52.6 

51.9 

49.1 

46.4 

48.8 

45.8 

57.7 

59.4 

49.7 

48.2 

49.5 

47.6 

12 

28 

55 

24 

40.6 

48.0 

48.1 

53.9 

44.5 

48.2 

44.5 

47.3 

55.5 

61.5 

45.3 

49.7 

44.6 

49.0 

13 

APR 

4 

64 

35 

47.4 

50.2 

51.7 

58.3 

48.1 

52.4 

47.6 

50.8 

57.6 

63.0 

49.2 

53.3 

48.3 

52.4 

14 

11 

63 

38 

49.6 

53.4 

53.2 

60.5 

50.5 

53.9 

50.1 

52.6 

58.0 

68.0 

51.2 

55.5 

50.9 

54.7 

15 

18 

76 

26 

50.0 

54.9 

57.3 

61.2 

52.8 

56.0 

53.2 

55.0 

63.4 

64.8 

52.7 

55.7 

51.9 

54.9 

16 

25 

67 

24 

47.0 

60.7 

57.7 

65.8 

52.4 

58.7 

55.6 

57.7 

65.4 

73.1 

52.3 

59.8 

51.4 

58.6 

17 

MAY 

2 

78 

41 

66.1 

58.1 

65.9 

67.1 

62.5 

61.0 

63.7 

60.0 

73.2 

71.6 

64.5 

60.1 

63.1 

59.3 

18 

9 

80 

40 

60.9 

61.4 

69.7 

69.9 

64.5 

63.7 

66.1 

62.5 

77.2 

74.2 

63.9 

62.3 

62.7 

61.3 

19 

16 

82 

43 

66.8 

63.3 

74.9 

72.9 

68.4 

65.3 

67.9 

63.7 

82.3 

79.4 

69.6 

65.1 

68.2 

64.0 

20 

23 

75 

43 

64.5 

65.9 

73.1 

75.0 

67.7 

67.8 

66.5 

66.1 

80.6 

85.1 

68.9 

68.7 

67.6 

67.4 

21 

30 

78 

45 

63.3 

68.0 

75.6 

79.3 

69.2 

71.0 

68.2 

69.2 

83.1 

87.4 

69.4 

70.9 

68.5 

71.0 

22 

JUN 

6 

83 

46 

66.1 

69.6 

75.6 

80.7 

69.6 

73.8 

68.5 

71.7 

84.8 

90.2 

70.9 

74.2 

69.6 

73.2 

23 

13 

86 

47 

68.4 

72.1 

81.0 

83.0 

73.5 

75.6 

71.9 

73.4 

92.0 

91.0 

74.7 

75.6 

73.5 

74.0 

24 

20 

88 

53 

74.1 

72.8 

84.4 

85.0 

77.3 

77.1 

75.7 

74.8 

96.1 

94.8 

80.2 

78.1 

78.5 

77.0 

25 

27 

92 

63 

77.9 

73.4 

88.2 

85.6 

81.3 

77.3 

79.8 

75.8 

102.1 

95.7 

85.9 

79.0 

84.3 

77.7 

26 

JUL 

4 

92 

66 

79.5 

73.6 

87.1 

87.1 

81.2 

79.3 

80.2 

77.6 

94.5 

97.5 

83.0 

80.7 

81.8 

80.0 

27 

11 

91 

54 

73.0 

76.1 

85.4 

88.5 

79.2 

79.7 

78.3 

78.0 

93.4 

97.5 

80.0 

82.0 

78.5 

80.9 

28 

18 

93 

67 

80.3 

77.2 

89.2 

89.1 

84.4 

80.8 

82.0 

79.0 

101.0 

100.2 

89.3 

84.3 

84.8 

83.1 

29 

25 

99 

67 

85.1 

78.0 

92.0 

89.8 

86.1 

81.7 

84.8 

80.3 

111.7 

103.8 

95.6 

86.8 

94.1 

85.9 

30 

AUG 

1 

95 

64 

80.9 

76.7 

91.3 

88.0 

84.7 

80.3 

83.5 

79.0 

109.5 

102.2 

92.5 

85.6 

90.9 

84.2 

31 

8 

97 

62 

80.7 

75.9 

90.4 

85.3 

83.7 

78.9 

82.7 

78.0 

108.2 

101.8 

91.3 

84.9 

89.9 

82.8 

32 

15 

96 

56 

78.1 

76.0 

88.2 

85.8 

81.6 

79.5 

81.0 

78.1 

105.7 

102.0 

89.5 

85.0 

88.5 

83.3 

33 

22 

99 

65 

83.6 

75.2 

91.0 

85.5 

84.1 

79.0 

82.6 

77.7 

109.5 

101.3 

93.5 

83.9 

91.9 

82.6 

34 

29 

99 

69 

84.0 

75.2 

91.1 

85.5 

84.5 

79.6 

83.4 

78.2 

108.1 

101.8 

93.1 

84.6 

91.9 

82.7 

35 

SEP 

5 

94 

61 

78.1 

74.5 

86.3 

84.3 

80.1 

78.3 

79.7 

77.2 

101.2 

97.7 

87.1 

82.1 

86.2 

81.0 

36 

12 

97 

64 

79.9 

73.3 

87.0 

82.3 

80.6 

76.4 

79.8 

75.5 

101.7 

96.4 

88.1 

80.9 

87.2 

79.7 

37 

19 

92 

48 

73.6 

71.0 

80.9 

78.8 

74.8 

73.6 

74.6 

72.9 

95.3 

91.4 

79.9 

77.0 

78.9 

76.3 

38 

26 

90 

32 

60.1 

67.4 

73.3 

75.9 

67.4 

71.1 

68.0 

70.9 

83.2 

87.2 

68.6 

72.9 

70.1 

72.1 

39 

OCT 

3 

87 

44 

69.1 

64.4 

76.4 

73.6 

69.4 

68.4 

69.1 

67.9 

91.4 

83.1 

74.5 

69.1 

73.4 

67.9 

40 

10 

85 

44 

65.5 

61.2 

70.7 

70.6 

66.5 

65.6 

66.5 

65.3 

79.9 

79.5 

67.9 

65.4 

68.1 

65.1 

41 

17 

80 

34 

58.6 

60.3 

68.1 

68.8 

64.6 

63.0 

65.0 

62.7 

74.9 

76.2 

63.9 

63.3 

63.7 

63.6 

42 

24 

74 

52 

61.3 

58.1 

68.6 

66.1 

66.8 

61.5 

66.8 

61.0 

69.9 

73.9 

66.0 

61.5 

66.1 

60.6 

43 

31 

75 

32 

56.3 

53.7 

63.4 

61.7 

60.4 

56.5 

60.9 

56.3 

70.1 

66.5 

58.8 

54.8 

58.6 

54.9 

44 

NOV 

7 

73 

26 

54.9 

54.1 

63.4 

61.0 

60.9 

56.7 

61.3 

56.4 

68.0 

66.7 

59.1 

55.9 

59.3 

55.6 

45 

14 

70 

29 

46.6 

49.3 

57.1 

56.3 

54.8 

53.6 

55.6 

53.5 

59.1 

61.5 

51.2 

52.0 

51.9 

52.7 

46 

21 

72 

25 

51.8 

47.1 

56.1 

53.1 

54.2 

50.0 

54.6 

49.7 

60.1 

57.1 

53.0 

47.9 

52.8 

48.1 

47 

28 

69 

29 

52.1 

46.0 

58.0 

51.3 

55.4 

48.6 

55.7 

48.4 

61.3 

53.0 

53.5 

45.8 

53.7 

45.6 

48 

DEC 

5 

62 

22 

38.3 

40.2 

48.3 

47.0 

47.1 

44.2 

48.2 

44.1 

49.6 

47.6 

44.1 

41.6 

44.4 

42.1 

49 

12 

62 

23 

41.8 

40.2 

48.0 

44.4 

46.3 

41.1 

46,9 

41.0 

50.1 

47.8 

44.3 

41.5 

44.6 

41.8 

50 

19 

38 

2 

25.4 

37.8 

40.8 

41.8 

40.2 

39.1 

41.7 

39.1 

37.0 

43.2 

36.7 

38.5 

38.0 

38.7 

51 

26 

33 

-9 

12.5 

35.9 

33.5 

38.9 

33.3 

37.2 

34.8 

37.1 

29.8 

40.9 

27.8 

35.1 

31.2 

35.3 

52 

JAN  2 
verage 

44 

-9 

21.1 

35.3 

33.8 

37.7 

32.8 

35.8 

33.9 

35.7 

30.8 

37.6 

27.5 

33.8 

28.9 

33.3 

A 

sssssss 

74.69 

37.06 

57.1 

56.3 

65.0 

63.9 

60.8 

58.7 

60.7 

57.9 

:  =  £S  =  =  = 

72.4 

======= 

70.6 

62.2 

59.5 

z  =  =  =  =  =  =  : 

61.6 

58.8 

The  week  number  of  calendar  year  1983. 

^The  date  that  the  week  in  column  1  ends.     The  week  ends  on  Monday  at  4:00  p.m.  Central    time. 

Average  of  dally  maximum  and  minimum  temperatures  for  the  week.  The  normal  was  computed  from  18  to  24  years  of  data 
depending  upon  the  data  available  for  a  given  week. 

Degrees  Fahrenheit  in  Grantsburg  silt  loam  under  sod  and  under  a  bare  soil  surface.  Avg  max  =  the  average  of  dally  maximum 
soil  temperatures  at  the  one-Inch  depth  for  the  week.  Avg  =  the  average  of  the  daily  maximum  and  minimum  soil  temperature  at 
the  given  depth  for  the  week.     The  normals  for  sod  and  bare  soil   were  computed  from  7  to  11  year  data  sets. 


TABLE  3.      RELATIVE   HUMIDITY,   WIND,    EVAPORATION,    SOLAR  RADIATION,    LIVESTOCK  DANGER  AND  GROWING  DEGREE  DAYS 


Week 

Relative 

w 

nd"* 

Sol 

ar 

Livestock 

Week 

ending 
1983^ 

humidity^ 
Avg    Norm 

Windy 

Evaporation^ 
Week   Norm 

radiation^ 
Week   Norm 

danger' 
Week   Norm 

Growing  degree  days 8 

no* 

Avg 

Norm 

day 

Norm 

Week 

Norm 

Culm 

Norm 

<-  -{%)   -  -> 

<-  -  . 

-  -  -{mph)-  -  • 

!"">' 

<-  -dr 

)-  -> 

(langleys) 

<-  -(h 

r)-  -> 

<.  . 

-  -(6.D.D.)  -  - 

-  -> 

1 

Jan 

10 

73.36 

70.82 

2.25 

3.27 

4.92 

6.11 

NA 

NA 

945 

896 

0 

0 

5 

2 

5 

2 

2 

17 

71.43 

65.74 

4.21 

3.41 

8.13 

6.95 

NA 

NA 

1242 

1121 

0 

0 

1 

3 

6 

6 

3 

24 

76.64 

71.56 

2.21 

3.07 

3.08 

5.70 

NA 

NA 

792 

1082 

0 

0 

0 

8 

6 

14 

4 

31 

83.43 

69.64 

1.72 

3.30 

3.71 

6.39 

NA 

NA 

792 

1178 

0 

0 

0 

8 

6 

22 

5 

Feb 

7 

77.36 

68.32 

3.62 

3.28 

6.75 

6.41 

NA 

NA 

972 

1416 

0 

0 

2 

9 

8 

30 

6 

14 

70.86 

67.33 

1.26 

2.93 

2.38 

5.25 

NA 

NA 

1413 

1544 

0 

0 

5 

4 

12 

35 

7 

21 

64.71 

65.88 

1.48 

3.00 

2.04 

6.19 

NA 

NA 

1800 

1578 

0 

0 

40 

10 

52 

45 

8 

28 

66.50 

68.03 

2.15 

3.59 

5.58 

6.51 

NA 

NA 

1404 

1554 

0 

0 

17 

21 

68 

65 

9 

Mar 

7 

65.36 

64.20 

2.48 

3.41 

3.80 

5.86 

NA 

NA 

2061 

1923 

0 

0 

94 

29 

162 

94 

10 

14 

79.86 

66.31 

4.03 

3.54 

6.88 

6.17 

0.36 

0.68 

1674 

1822 

0 

0 

20 

33 

181 

127 

11 

21 

69.93 

63.88 

3.27 

3.28 

6.92 

5.99 

0.54 

0.68 

1413 

2095 

0 

0 

36 

34 

217 

161 

12 

28 

70.07 

65.53 

3.61 

3.53 

6.00 

6.37 

0.63 

0.73 

2322 

2195 

0 

0 

6 

37 

223 

197 

13 

Apr 

4 

78.50 

64.15 

2.34 

3.36 

4.96 

5.87 

0.25 

0.83 

1395 

2301 

0 

0 

20 

48 

242 

245 

14 

11 

81.00 

60.24 

3.01 

3.19 

4.88 

5.84 

0.34 

0.91 

1233 

2619 

0 

0 

21 

60 

263 

306 

15 

18 

64.00 

63.09 

3.29 

3.05 

5.58 

5.28 

1.00 

0.99 

3051 

2878 

0 

0 

45 

71 

308 

377 

16 

25 

69.00 

65.07 

2.35 

2.76 

5.94 

4.46 

0.82 

1,09 

2952 

2672 

0 

0 

31 

90 

339 

467 

17 

May 

2 

80.79 

64.51 

3.34 

2.59 

5.84 

4.33 

0.91 

1.09 

1755 

2857 

0 

0 

117 

86 

456 

553 

18 

9 

68.93 

66.32 

2.98 

2.28 

5.53 

3.63 

1.17 

1.10 

3249 

3013 

0 

0 

89 

91 

544 

643 

19 

16 

73.71 

66.68 

1.94 

2.31 

3.57 

3.57 

0.93 

1.19 

2772 

3079 

0 

0 

122 

102 

666 

745 

20 

23 

74.50 

67.19 

1.99 

1.92 

4.25 

3.05 

1.13 

1.17 

2952 

3324 

0 

0 

105 

117 

771 

862 

21 

30 

67.36 

66.96 

1.76 

1.84 

3.13 

2.81 

1.45 

1.24 

3726 

3431 

0 

4 

100 

131 

871 

993 

22 

Jun 

6 

73.57 

68.26 

1.61 

1.78 

2.85 

2.65 

1.14 

1,28 

3123 

3316 

0 

4 

116 

137 

987 

1131 

23 

13 

67.29 

68.97 

0.95 

1.88 

1.50 

2.95 

1.47 

1.39 

4059 

3515 

0 

12 

131 

151 

1118 

1281 

24 

20 

73.29 

68.33 

1.11 

1.93 

1.46 

2.89 

1.53 

1.47 

3618 

3640 

8 

10 

167 

163 

1285 

1445 

25 

27 

76.71 

68.10 

0.81 

1.84 

1.32 

2.65 

1.55 

1.45 

3510 

3541 

54 

20 

182 

163 

1467 

1607 

26 

Jul 

4 

80.21 

67.93 

2.21 

1.82 

3.61 

2.64 

1,43 

1.54 

3033 

3628 

67 

24 

197 

173 

1664 

1780 

27 

11 

71.57 

69.42 

1.15 

1.62 

1.99 

2.21 

1.57 

1.44 

4050 

3451 

18 

29 

156 

174 

1819 

1954 

28 

18 

74.93 

69.39 

0.73 

1.58 

1.05 

2.09 

1.44 

1.50 

3303 

3565 

77 

48 

192 

183 

2011 

2137 

29 

25 

72.50 

68.63 

1.41 

1.55 

1.99 

2.29 

1.83 

1.55 

3537 

3576 

110 

48 

207 

187 

2218 

2324 

30 

Aug 

1 

71.36 

69.51 

1.23 

1.59 

1.67 

2.25 

1.80 

1.39 

3726 

3443 

63 

30 

193 

178 

2410 

2502 

31 

8 

70.36 

70.18 

1.31 

1.68 

2.15 

2.37 

1.68 

1.48 

3528 

3260 

65 

24 

185 

171 

2595 

2673 

32 

15 

67.79 

69.02 

1.30 

1.71 

2.56 

2.41 

1.61 

1.45 

3330 

3313 

38 

30 

177 

175 

2772 

2848 

33 

22 

68.00 

68.28 

1.69 

1.64 

2.33 

2.33 

1.97 

1.34 

3330 

3164 

79 

24 

199 

174 

2971 

3022 

34 

29 

68.64 

66.77 

1.46 

1.65 

1.92 

2.41 

1.72 

1.35 

3060 

3159 

78 

21 

199 

174 

3169 

3196 

35 

Sep 

5 

68.50 

69.10 

1.44 

1.55 

2.79 

2.32 

1.71 

1.19 

3015 

2771 

31 

19 

178 

168 

3347 

3364 

36 

12 

70.43 

67.06 

1.60 

1.50 

2.92 

2.24 

1.67 

1.13 

2682 

2743 

43 

13 

186 

160 

3533 

3524 

37 

19 

64.00 

68.11 

2.30 

1.81 

3.17 

2.98 

1.51 

1.04 

2988 

2525 

15 

4 

157 

145 

3689 

3669 

38 

26 

64.93 

67.58 

2.15 

1.77 

5.61 

2.95 

0.95 

0.98 

2286 

2392 

1 

4 

99 

129 

3788 

3798 

39 

Oct 

3 

62.29 

66.88 

1.28 

1.80 

3.01 

2.95 

1.29 

0.99 

2664 

2255 

0 

1 

137 

115 

3925 

3913 

40 

10 

66.79 

63.59 

1.80 

1.77 

3.40 

2.85 

0.95 

0,85 

2160 

2390 

0 

0 

116 

102 

4041 

4015 

41 

17 

70.86 

64.55 

1.72 

1.88 

3.18 

2.99 

0.69 

0,77 

1710 

1972 

0 

0 

83 

96 

4124 

4111 

42 

24 

93.79 

65.43 

2.02 

2.05 

3.08 

3.48 

0.21 

0.73 

648 

1795 

0 

0 

79 

83 

4203 

4193 

43 

31 

68.07 

65.11 

1.85 

2.05 

4.02 

3.40 

0.69 

0.71 

1854 

1696 

0 

0 

70 

63 

4273 

4256 

44 

Nov 

7 

73.86 

65.68 

1.26 

2.09 

2.79 

3.45 

0.34 

0.54 

1413 

1485 

0 

0 

65 

69 

4338 

4325 

45 

14 

74.64 

65.20 

2.35 

2.33 

7.42 

4.46 

0.38 

0.51 

1080 

1466 

0 

0 

34 

42 

4371 

4366 

46 

21 

72.07 

64.37 

3.63 

2.78 

6.38 

4.96 

0.52 

0.52 

1080 

1186 

0 

0 

41 

33 

4412 

4399 

47 

28 

66.57 

69.71 

3.48 

2.72 

5.46 

4.97 

0.54 

0.38 

1071 

915 

0 

0 

45 

27 

4457 

4426 

48 

Dec 

5 

81.29 

69.01 

2.47 

3.29 

5.83 

6.31 

NA 

NA 

873 

953 

0 

0 

6 

14 

4463 

4440 

49 

12 

81.86 

69.34 

3.46 

3.21 

5.38 

5.77 

NA 

NA 

648 

1007 

0 

0 

13 

17 

4476 

4457 

50 

19 

85.07 

71.14 

2.93 

3.01 

5.09 

5.12 

NA 

NA 

675 

956 

0 

0 

0 

10 

4476 

4467 

51 

26 

80.29 

70.93 

4.11 

3.39 

8.00 

6.48 

NA 

NA 

927 

925 

0 

0 

0 

7 

4476 

4474 

52 

Jan  2 
^verage 

73.93 

73.02 

2.22 

2.73 

4.29 

5.54 

NA 

NA 

981 

850 

0 

0 

0 

8 

4476 

4482 

72.74 

67.31 

2.20 

2.44 

4.08 

4.19 

1.10 

1.07 

2190 

2297 

14.37 

7.09 

86.07 

86.19 

=  ssss 

\jt\e  week  number  of  calendar  year  1983. 


Central    time, 
maximum  and  minimum  readings     for     the  week. 


The  normal   was  computed 


^The  date  that  the  week  in  column  1  ends.     The  week  ends  on  Monday  at  4:00  p.m. 
Percent  of  saturation.     Avg  =  the  average  of  the  daily 
from  16  and  17  years  of  data. 

Converted  to  miles  per  hour  from  daily  cumulative  totals.  Wind  normals  for  the  wanner  portion  of  the  year  (weeks  14  through 
43)  were  computed  from  18  to  23  years  of  data.  Until  11  years  ago  wind  data  were  not  collected  during  the  colder  months  as 
they  were  taken  only  in  conjunction  with  the  collection  of  evaporation  data.  Thus,  depending  on  the  temperatures  prevailing, 
normal  for  weeks  1  through  13  and  44  through  52  were  computed  from  11  to  14  years  of  data.  Avg  =  the  average  rate  of  air 
movement  for  the  week  without  regard  to  direction.     Windy  day  =  the  average  rate  for  the  day  with  the  greatest  air  movement. 

^Measured  In  Inches  per  week.  The  amount  of  water  lost  from  a  standard  48-inch  diameter  monel  evaporation  pan.  Normals  were 
computed  from  18  to  23  years  of  data  for  weeks  14  through  43,  from  6  to  15  years  of  data  for  weeks  10  through  13,  and  44 
through  47.  Note  that  some  of  the  weeks  during  early  spring  or  late  fall  may  have  higher  normals  than  periods  during  warmer 
weather.  This  occurs  because  evaporation  data  cannot  be  safely  collected  during  years  of  hard  freeze  conditions  without 
possible  damage  to  equipment.  Years  when  the  seasons  warm  up  early  or  cool  off  late,  data  is  collected—but  only  during  the 
better  evaporating  conditions.  However,  once  the  evaporation  system  is  set  up,  it  is  kept  operational  even  though  moderate 
freezes  do  occur,  thus  obtaining  a  reasonably  good  estimate  of  actual    evaporating  conditions. 

^Sol ar  radiation  or  sunlight  measured  in  total  langleys  per  week.  A  langley  is  one  gram  calorie  of  radiant  energy,  that  Is, 
the  amount  of  sunlight  shining  on  a  one  square  centimeter  surface  needed  to  raise  the  temperature  of  a  cubic  centimeter 
(1/1000  of  a  liter)  of  pure  water,  one  degree  centigrade  (Celcius).  For  example,  if  a  cup  of  ice  water  was  Insulated  and 
placed  outside  at  sunrise  during  a  typical  summer  day,  the  sunlight  absorbed  on  the  top  surface  of  the  cup  (about  45  square 
centimeter  surface)  would  cause  the  water  to  boil  before  sunset,  about  500  gram  calories  of  energy.  But  on  a  typical  winter 
day  only  slightly  more  than  100  gram  calories  would  be  absorbed — the  cup  of  ice  water  would  only  reach  room  temperature. 
Normals  computed  from  11  to  12  years  of  data. 

The  total  hours  per  week  that  the  National  Weather  Service  Livestock  safety  index  indicates  danger  ("expect  a  25  percent  or 
greater  increase  in  livestock  loss  during  transit").     Normals  were  computed  from  11  years  of  data. 

An  index  of  plant  growing  conditions.  A  growing  degree  day  value  (G.D.D.)  occurs  only  when  the  maximum  temperature  is  greater 
than  BO^F.  The  number  of  G.D.D.  is  calculated  as  follows:  [(Daily  maximum^  +  daily  minimum^)  ^  2]  -  50  =  G.D.D.  ^If  the 
maximum  temperature  is  greater  than  se'F,  enter  86.  ^If  the  minimum  temperature  is  less  than  SO'F,  enter  50,  or  if  the 
minimum  temperature  is  greater  than  86'F,  enter  86,  The  maximum  number  of  6,D,D.'s  per  day  is  36  (the  G.D.D.  normals  were 
computed  from  16  years  of  data).  Week  =  the  sum  of  the  daily  growing  degree  days  for  the  week;  culm  =  the  sum  of  the  daily 
growing  degree  days  for  the  current  year. 
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Abstract 

The  predictive  ability  of  the  Central  States  growth  and 
yield  system,  TWIGS  3.0,  was  evaluated  for  Illinois  forests. 
PerTTianent  plots,  obtained  from  around  the  state  and 
maintained  for  up  to  3  0  years,  supplied  the  data  used  to 
validate  the  system. 

The  system  gave  a  small  but  consistent  over  prediction 
of  diameter  growth,  and  a  larger  under  prediction  of  tree 
survival.  The  combined  result  was  a  small,  consistent  under 
prediction  of  basal  area.  But  the  attributes'  small  percent 
error  showed  that  TWIGS  is  a  good  predictor  for  mixed 
k         hardwood  stands  and  many  individual  species. 

The  optional  economic  analysis  and  management  regimes, 
modest  computer  requirements,  and  small  perc^t  errors  make 
TWIGS  the  best  growth  and  yield  system  for  Ili^ois'  mixed 
hardwood  stands.  ^,       /U^     <>> 

Introduction     ^%  '^^      O^ 

The  Woodsman's  Ideal  Growth  Projection  ^st%fi  (T^IGS) 
is  an  individual  tree,  distance-independent  gii^wth  and  yield 
system  developed  by  the  U.S.  Forest  Seirvice's  N^th  Central 
Forest  Experiment  Station.  The  microcomputer  program  "grows" 
a  forest  stand  through  time,  using  characteristics  measured 
from  the  stand.  Updated  stand  characteristics  and  volume 
tables  are  issued  regularly  during  the  projection,  along 
with  optional  management  or  economic  analyses. 

Originally  developed  for  the  Lake  States,  TWIGS  was 
recalibrated  with  data  from  throughout  the  Central  States 
(table  1).  This  new  version,  TWIGS  3.0  (Walters,  in  press), 
contains  growth  functions  similar  in  form  to  the  Lake  States 
version,  with  volume  and  other  relevant  equations  altered  or 
recalibrated  for  the  Central  States. 

■^Supported  in  part  by  Mclntire-Stennis  55-326, 

^The  authors  are,  respectively.  Visiting  Assistant  Forester 

►and  Associate  Professor,  Department  of  Forestry,  University 
of  Illinois,  Urbana-champaign. 


THE  ILLINOIS  AGRICULTURAL  EXPERIMENT  STATION  PROVIDES  EQUAL  OPPORTUNITIES  IN  PROGRAMS  AND  EMPLOYMENT 


This  is  the  first  evaluation  of  TWIGS'  performance  for 
Illinois.  We  evaluate  the  quality  of  growth  predictions  and 
thus  the  usefulness  of  the  system  for  Illinois  forest 
owners.  Prediction  quality  is  analyzed  through  errors  in 
projected  stand  and  species  attributes. 

Table  1 

Calibration  sources  for  TWIGS  3.0  growth  model.  Illinois 
data  were  used  in  mortality  calibration. 

Source Location 

Wayne-Hoosier  National  Ohio 

Forest  Indiana 

Bottomland  Hardwood  Plots  Indiana 

Mark  Twain  National  Forest  Missouri 
Missouri  State  Inventory  Missouri 
Pioneer  Forest  Missouri 

Validation  Data 

The  data  used  to  validate  TWIGS  were  collected  from 
counties  throughout  Illinois  by  the  Forestry  Extension 
Service  of  the  University  of  Illinois  (Urbana,  IL) .  One- 
hundred  and  eight  plots,  incorporating  a  wide  range  of 
species  and  tree  sizes  (table  2) ,  were  set  up  between  1931 
and  1941.  The  1/4  acre  plots  were  remeasured  every  4  to  10 
years.  The  number  of  remeasurements  range  from  1  to  6  per 
plot.  After  removing  plots  with  only  1  remeasurement  or  with 
unexplainable  tree  movement,  90  plots  remained  (figure  1) . 

Data  for  trees  with  DBH  greater  than  or  equal  to  1.5 
inches  were  grouped  by  species  and  status  (live,  dead,  cut, 
missing)  and  tallied  in  one-inch  diameter  classes  for  each 
plot.  The  plot  soil  type  was  also  recorded. 

Tree  information  was  then  expanded  onto  a  per  acre 
basis.  The  number  of  initial  live  trees  of  a  given  species 
and  diameter  class  were  placed  into  the  TWIGS  tree  list, 
with  ingrowth  and  cut  trees  placed  into  other  lists  for  use 
during  the  plots  projection. 

To  calculate  potential  tree  growth,  TWIGS  requires  a 
measure  of  site  quality.  In  the  tree  list  this  is 
represented  by  the  stand  site  index.  Since  most  site  indices 
were  not  recorded,  indices  were  estimated  using  soil  series 
and  species  information  (SCS-IL  Technical  Book,  1982) . 
Individual  species  indices  were  used  since  stand  indices 
were  unestimable. 

The  nature  of  the  data  necessitated  further  assumptions: 
that  ingrowth  trees  grew  into  the  stand  at  the  time  of  their 
recording,  that  cut  trees  were  harvested  halfway  between 


measurement  periods,  and  that  missing  trees  were  cut  but 
never  recorded. 

Validation  Statistics 

The  variables  judged  most  important  to  validate  the 
system  were  quadratic  mean  diameter  at  breast  height  (DBH) , 
number  of  trees  per  acre  (NT) ,  and  basal  area  per  acre  (BA) . 
DBH  was  chosen  as  a  measure  of  TWIGS  tree  growth,  NT  as  a 
measure  of  tree  survival,  and  BA  as  a  measure  of  the  overall 
system. 

Prediction  errors  were  calculated  using  all  live  trees 
greater  than  or  equal  to  4.5  inches  in  diameter. 

The  system  was  evaluated  using  the  statistics: 

_    •   n  A      p 
mean  error  (e)  =  w  ?(Yj^-Yj^)  w/n 

a  i=l       q 

'  n  A         p 
%  error  =  100*w  ?  [  (Yj^-Yj^)/Yj^]w/n 

ai=l  q 

»  p 

standard  w'  n     _  p      w^/^ 
deviation=ww  ?(ej^-  e)2w/(n-l)w 
of  mean   wai=l       q      w 
error     a  q 

A 

where  Yj^  and  Yj^  are  predicted  and  observed  values  for  the 
attribute  quadratic  mean  diameter  at  breast  height,  number 
of  trees  per  acre,  or  basal  area  per  acre 

A 

ej^  is  the  attribute  error  between 
Y^   and  Y^^ 

and 

n  is  the  number  of  plots. 

Errors  were  similarly  calculated  for  each  species  or 
species  group. 

The  majority  of  remeasurements  were  made  every  five 
years.  Therefore,  error  values  for  remeasurement  period  not 
falling  on  a  five  year  interval  were  standardized  to  the 
nearest  interval  using  the  equation: 

P  '  P 

w    Y  -  Y    w  w   value  of   w 
w  years  from  w*w  nearest  five  w. 
w  initial  plotw  w  year  intervalw 
a   measure   q  a  q 


Results 

Stand  Statistics 

Error  statistics  show  a  trend  consistent  with  past 
STEMS  validations  (e.g.  Holdaway  and  Brand,  1983) . 

Precision  for  all  attributes  decreased  with  increased 
projection  length  (table  3) .  TWIGS  tree  growth  showed  a 
small  but  consistent  over  prediction  for  quadratic  mean 
diameter  (figure  2a) .  Tree  survival  also  is  consistent  in 
its  error,  as  shown  by  the  under  prediction  of  number  of 
live  trees  per  acre  (figure  2b) .  The  combined  effect  of  tree 
growth  and  tree  survival  was  an  under  prediction  of  basal 
area  per  acre  (figure  2c) . 

The  error  values  presented  can  give  a  misleading 
estimate  of  TWIGS'  predictive  ability.  Another  estimate  of 
this  ability  is  obtained  with  the  percent  errors.  Percent 
errors  for  the  attributes  DBH  and  BA  are  less  than  10%,  and 
NT  less  than  25%  for  the  30  year  projection  (figure  3) .  This 
indicates  there  are  no  major  biases  in  diameter  or  basal 
area  predictions.  Although  number  of  trees  has  a  larger 
percent  error,  survival  predictions  for  short  projections 
are  fair,  and  major  biases,  though  more  likely  than  for  DBH, 
may  not  be  present. 

The  error  in  tree  survival  is  inversely  related  to  a 
tree's  diameter  (figure  4).  This  is  partly  due  to  the 
increasing  number  of  trees  per  acre  as  the  size  of  the 
diameter  class  decreases,  and  partly  due  to  the  decreasing 
precision  of  the  survival  model  with  decreasing  diameter 
class. 

Prediction  variability  also  increased  with  increased 
projection  length  (table  4) .  This  is  shown  by  the  increasing 
standard  deviations  of  mean  diameter  (figure  5a) ,  number  of 
trees  (figure  5b) ,  and  basal  area  (figure  5c) .  DBH  and  NT 
variability  increased  slowly  during  the  projection,  while  BA 
variability  increased  more  rapidly. 

Species  Statistics 

Species  statistics  show  trends  similar  to  the  stand 
statistics  (tables  5  and  6) ,  but  some  statistics  are  less 
reliable  due  to  limited  numbers  of  observations. 

The  most  numerous  species,  white  oak,  black  oak  and 
hickory,  are  predicted  well,  especially  over  short  periods 
(figures  6a,  6b,  and  6c) .  White  oak  predictions  are  very 
good  for  the  first  2  0  years,  but  decline  thereafter.  Black 
oak  is  predicted  less  precisely  than  white  oak,  but  is  still 
relatively  good.  Hickory  is  not  predicted  as  well  as  either 
of  the  oaks,  due  to  the  greater  number  of  small  trees.  Other 
major  timber  species,  such  as  northern  red  oak,  are  also 
predicted  well. 


Elm  has  the  largest  NT  and  BA  errors  for  any  of  the 
species.  This  poor  precision  may  be  due  to  Dutch  elm  disease 
(DED) .  TWIGS  was  evaluated  with  data  collected  before 
introduction  of  the  disease  but  calibrated  with  data 
obtained  after  the  disease  entered  the  Midwest.  High  pre-DED 
elm  survival  led  to  the  large  under  prediction  in  tree 
survival,  and  hence  in  basal  area.  Dutch  elm  disease  is 
therefore  partly  responsible  for  the  large  stand  NT  error. 

Minor  timber  species  and  major  species  with  too  few 
observations  were  grouped  into  the  category  'other  spp'. 
Survival  and  basal  area  predictions  for  this  category  are 
poor  due  to  the  small  number  of  observations  available  for 
calibration  and  validation. 

Conclusion 

In  general,  TWIGS  does  a  good  job  predicting  growth  for 
typical  Illinois  forests.  No  major  biases  in  diameter  or 
basal  area  were  noticed,  but  tree  survival  may  be  biased. 
The  small  prediction  variability  for  diameter  and  tree 
survival  increased  slowly  with  time;  the  variability  for 
basal  area  increased  rapidly. 

Most  of  the  important  timber  species  are  projected  well 
by  TWIGS,  especially  over  short  periods.  Some  major  and 
minor  species  were  projected  poorly,  partly  due  to  the  small 
number  of  calibration  and/or  validation  observations. 

There  are  currently  only  a  few  forest  growth  models  for 
Illinois,  with  most  designed  for  large  computers.  By 
contrast,  TWIGS  can  be  run  on  a  microcomputer.  The  system 
can  also  be  used  for  economic  analyses  and  to  evaluate 
management  options.  These  features  and  the  small  percent 
errors  make  TWIGS  the  best  growth  and  yield  system  available 
for  Illinois'  mixed  hardwood  stands. 

More  permanent  plot  data  is  needed:  for  system 
recalibration  of  poorly  predicted  species  and  for  further 
evaluation  of  those  species  not  included  here,  especially 
coniferous  species. 
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Table   2 


Diameter  range   for  species  used   in  validation, 


Species 

* 

DBH 

Scientific  name 

common  name 

mean 

min 

max 

Acer  neaundo 

boxelder 

2.8 

2 

5 

Acer  saccharum 

sugar  maple 

3.0 

2 

20 

Aesculus  glabra 

Ohio  buckeye 

3.7 

2 

15 

Carva  spp. 

hickory  spp. 

4.5 

2 

24 

Carva  glabra 

pignut  hickory 

5.6 

2 

11 

Carva  ovata 

shagbark  hickory 

5.9 

2 

11 

Catalpa  spp. 

catalpa  spp. 

2.0 

2 

2 

Celtis  spp. 

hackberry  spp. 

2.6 

2 

8 

Cercis  canadensis 

redbud 

2.3 

2 

5 

Cornus  spp. 

dogwood  spp. 

2.3 

2 

4 

Crataeaus  spp. 

hawthorn  spp. 

2.3 

2 

4 

Diospvros  vircriniana 

persimmon 

2.4 

2 

5 

Facfus  arandifolia 

American  beech 

8.0 

2 

14 

Fraxinus  spp. 

ash  spp. 

3.3 

2 

21 

Fraxinus  americana 

white  ash 

4.9 

2 

23 

Gleditsia  spp. 

3 

Jualans  cinerea 

honey  locust  spp. 

2.3 

2 

butternut 

5.1 

2 

11 

Jualans  niara 

black  walnut 

4.9 

2 

18 

Liguidambar  stvraciflua 

sweetgum 

8.4 

2 

22 

Liriodendron  tulipifera 

yellow-poplar 

8.4 

2 

15 

Macfnolia  acuminata 

cucumbertree 

3.3 

2 

6 

Morus  spp. 

mulberry 

2.7 

2 

11 

Nvssa  svlvatica 

blackgum 

3.5 

2 

14 

Ostrya  virainiana 

ironwood 

2.1 

2 

3 

Platanus  occidentalis 

sycamore 

7.0 

7 

7 

Populus  tremuloides 

quaking  aspen 

2.9 

2 

5 

Prunus  serotina 

black  cherry 

3.5 

2 

21 

Ouercus  alba 

white  oak 

8.4 

2 

32 

Ouercus  imbricaria 

shingle  oak 

3.6 

2 

10 

Ouercus  macrocarpa 

bur  oak 

8.6 

2 

16 

Ouercus  marilandica 

blackjack  oak 

3.4 

2 

6 

Ouercus  muehlenberaii 

chinkapin  oak 

7.5 

2 

13 

Ouercus  rubra 

northern  red  oak 

10.5 

2 

29 

Ouercus  stellata 

post  oak 

5.8 

2 

22 

Ouercus  velutina 

black  oak 

9.9 

2 

31 

Robinia  pseudoacacia 

black  locust 

3.3 

2 

4 

Sassafras  albidum 

sassafras 

2.7 

2 

8 

Tilia  americana 

American  basswood 

4.8 

2 

13 

Ulmus  spp. 

elm  spp. 

3.1 

2 

18 

noncommercial 

2.5 

2 

6 

*    23   out  of  the   30  TWIGS    3.0   species   groups   represented. 


Table   3 


Mean  errors   between  predicted  and  observed   stand  attributes 


Mean     Error* 


percent 

percent 

percent 

number 

Year 

DBH 
0.339 

DBH 
3.2 

NT 
-14.8 

NT 
-10.2 

BA 
-2.08 

BA 

of 

plots 

5 

-3.5 

90 

10 

0.572 

5.1 

-20.9 

-13.7 

-4.00 

-4.1 

88 

15 

0.635 

5.6 

-28.0 

-19.4 

-7.54 

-9.0 

85 

20 

0.710 

6.3 

-25.7 

-18.4 

-6.14 

-5.9 

78 

25 

0.802 

7.3 

-32.2 

-22.2 

-8.32 

-7.3 

69 

30 

1.049 

9.4 

-31.4 

-19.9 

-1.09 

2.4 

14 

Table   4 


Standard  deviation  of   errors  between  predicted  and 
observed   stand  attributes. 

Standard  Deviation   of  Error 


number 

Year 

DBH 

NT 

BA 

of 

DlotS 

5 

0.569 

20.0 

6.00 

90 

10 

0.908 

25.8 

9.88 

88 

15 

1.079 

29.8 

12.48 

85 

20 

1.277 

26.8 

15.47 

78 

25 

1.313 

34.8 

18.24 

69 

30 

0.931 

34.6 

29.01 

14 

*    Positive  numbers    indicate   over  prediction,    negative  numbers    indicate 
under  prediction. 


Table  5 

Mean  errors  between  predicted  and  observed  species 

attributes. 


Mean  Error* 


percent 

percent 

percent 

number 

Year 

DBH 

.es=  Ash 
-0.025 

DBH 

species 
-0.8 

NT 
1.2 

NT 
-2.9 

BA 
0.19 

BA 

of  Dlots 

Speci 
5 

-5.0 

23 

10 

-0.155 

-0.7 

-2.2 

-9.3 

-0.12 

-10.6 

23 

15 

0.053 

1.8 

0.9 

-1.1 

0.57 

2.2 

21 

20 

-0.175 

1.6 

0.8 

2.8 

1.07 

4.3 

17 

25 

-0.243 

1.3 

-1.5 

-0.4 

1.11 

4.2 

12 

30 

1.580 

14.7 

9.9 

35.7 

11.52 

86.0 

3 

Species=  Black  cherry 
5   -0.432   -6.8 

-5.1 

-25.2 

-1.13 

-32.1 

24 

10 

-0.470 

-6.6 

-8.9 

-38.4 

-2.26 

-42.8 

22 

15 

-0.301 

-4.9 

-12.4 

-44.8 

-2.79 

-44.8 

21 

20 

0.335 

1.8 

-16.0 

-44.5 

-4.53 

-40.0 

12 

25 

0.381 

1.8 

-18.3 

-46.6 

-5.82 

-40.7 

11 

30 

2.853 

24.9 

-18.2 

-64.4 

-4.67 

-38.4 

3 

Species=  Black  oak 

5 

0.090 

0.9 

0.5 

5.7 

-0.03 

3.7 

64 

10 

-0.015 

0.6 

-0.3 

1.4 

-1.21 

0.1 

61 

15 

-0.194 

-1.2 

-0.7 

-2.4 

-2.58 

-5.5 

53 

20 

-0.320 

-1.7 

-1.8 

1.1 

-3.27 

-1.9 

40 

25 

-0.060 

0.2 

-1.2 

6.8 

-3.25 

6.9 

37 

30 

-0.173 

2.0 

1.6 

26.6 

0.16 

25.4 

7 

Species=  Black  walnut 

5 

-0.444 

-5.0 

0.9 

20.2 

0.14 

6.3 

16 

10 

-0.160 

-0.8 

0.4 

10.8 

0.16 

9.0 

16 

15 

-0.199 

-0.7 

-0.4 

2.3 

-0.13 

5.2 

15 

20 

-0.094 

1.7 

-0.6 

-4.6 

-0.25 

6.5 

14 

25 

-0.312 

0.6 

-0.2 

1.2 

-0.21 

12.8 

12 

30 

3.990 

79.8 

1.6 

38.8 

1.90 

348.8 

1 

Species=  Elm 
5   -0.355 

species 
-5.8 

-5.4 

-34.1 

-1.28 

-39.5 

38 

10 

-0.425 

-5.7 

-9.1 

-52.2 

-2.51 

-55.8 

36 

15 

-0.025 

-0.2 

-13.7 

-64.0 

-4.04 

-63.1 

31 

20 

-0.076 

0.2 

-14.8 

-66.2 

-5.26 

-66.6 

22 

25 

0.059 

2.2 

-18.7 

-68.1 

-7.08 

-68.9 

17 

30 

0.852 

14.3 

-32.9 

-75.0 

-9.36 

-66.7 

4 

*  Positive  numbers  indicate  over  prediction,  negative  numbers  indicate 
under  prediction. 


Table  5  (cont.) 


Mean  Error 


percent 

percent 

percent 

number 

Year 

DBH     DBH 
es=  Hickory 

NT 

NT 

BA 

BA 

of  plots 

Speci 

5 

0.029 

0.5 

-2.7 

-11.5 

-0.55 

-10.7 

66 

10 

-0.039 

-0.3 

-3.0 

-9.2 

-1.12 

-12.2 

63 

15 

-0.116 

-1.3 

-5.2 

-15.7 

-2.11 

-17.2 

59 

20 

-0.199 

-2.0 

-6.3 

-17.3 

-2.53 

-18.5 

50 

25 

-0.167 

-1.2 

-7.1 

-25.1 

-3.20 

-25.3 

42 

30 

0.241 

1.9 

-7.2 

-22.1 

-3.36 

-20.7 

9 

Species=  Northern  red 

oak 

5 

0.022 

0.1 

0.1 

0.4 

-0.03 

1.5 

32 

10 

0.167 

1.2 

-0.2 

0.1 

0.57 

4.6 

29 

15 

-0.074 

-0.3 

0.6 

3.3 

0.51 

5.6 

29 

20 

0.334 

2.7 

0.4 

3.4 

0.85 

15.2 

27 

25 

0.023 

0.7 

-1.0 

-6.7 

-1.93 

-3.3 

24 

30 

-0.954 

-5.3 

-1.1 

-17.7 

-8.25 

-22.9 

5 

Species=  Other  species 

5 

-0.172 

-2.9 

-2.0 

-19.6 

-0.61 

-22.7 

68 

10 

-0.254 

-3.1 

-3.6 

-24.7 

-1.13 

-25.9 

60 

15 

-0.396 

-3.6 

-4.6 

-25.0 

-1.99 

-28.8 

54 

20 

-0.385 

-3.4 

-4.8 

-33.8 

-2.46 

-34.9 

40 

25 

-0.249 

-2.3 

-6.2 

-39.9 

-3.53 

-35.5 

29 

30 

-0.457 

-5.1 

-9.2 

-69.4 

-4.21 

-69.0 

9 

Species=  Post 

oak 

5 

0.109 

2.1 

-3.2 

0.4 

-0.80 

-0.2 

16 

10 

-0.139 

-0.9 

-2.5 

-0.5 

-1.91 

-3.7 

14 

15 

0.083 

2.4 

-7.4 

-5.5 

-2.83 

-2.0 

14 

20 

-0.235 

-1.5 

-8.7 

-10.9 

-3.81 

-16.3 

13 

25 

-0.026 

1.2 

-11.9 

-21.5 

-5.56 

-22.1 

9 

30 

0.812 

9.4 

-15.9 

-18.5 

-1.61 

-8.5 

4 

Species=  Sugar  maple 

5 

-0.165 

-3.6 

-0.6 

-6.7 

-0.17 

-12.0 

14 

10 

-0.025 

-1.2 

-0.9 

-7.5 

-0.29 

-11.1 

11 

15 

0.643 

3.1 

-5.0 

-25.8 

-0.98 

-22.1 

11 

20 

0.671 

4.6 

-2.8 

-14.6 

-1.04 

-14.1 

9 

25 

0.660 

5.9 

-3.2 

-30.6 

-1.61 

-24.8 

8 

30 

-0.400 

-0.3 

-4.0 

-45.3 

-1.56 

-42.4 

2 

Species=  White  oak 

5 

-0.105 

-1.0 

0.3 

0.5 

0.50 

0.5 

77 

10 

-0.014 

0.0 

-0.5 

-0.6 

0.57 

0.0 

76 

15 

-0.046 

-0.4 

-0.3 

0.9 

0.12 

-1.2 

72 

20 

0.065 

0.9 

1.2 

3.8 

1.30 

3.2 

68 

25 

0.207 

2.3 

1.3 

10.8 

2.57 

17.6 

62 

30 

0.520 

4.3 

2.0 

9.6 

8.34 

14.3 

11 

Table  6 

Standard  deviation  of  errors  between  predicted  and  observed 

species  attributes. 


Standard  Deviation  of  Error 


number 

Year 

DBH 

NT 

BA 

of  plots 

Species= 
5 

Ash 

species 
0.681 

6.4 

1.36 

23 

10 

1.361 

7.5 

1.89 

23 

15 

1.438 

12.7 

3.36 

21 

20 

2.261 

16.2 

5.33 

17 

25 

2.862 

16.4 

7.63 

12 

30 

0.429 

12.9 

13.96 

3 

Species= 
5 

Black  cherry 
0.789 

10.7 

1.96 

24 

10 

1.062 

17.1 

4.02 

22 

15 

1.679 

20.0 

5.57 

21 

20 

2.256 

19.1 

5.09 

12 

25 

2.371 

20.7 

6.37 

11 

30 

4.501 

11.8 

6.04 

3 

Species= 
5 

Black  oak 
0.942 

3.2 

2.57 

64 

10 

1.321 

4.8 

4.09 

61 

15 

1.295 

4.9 

5.17 

53 

20 

1.566 

5.6 

7.92 

40 

25 

1.666 

5.8 

8.74 

37 

30 

1.596 

5.0 

7.41 

7 

Species= 

Black  walnut 

5 

0.957 

2.4 

0.68 

16 

10 

1.204 

2.1 

0.90 

16 

15 

1.346 

2.6 

1.32 

15 

20 

1.775 

1.9 

1.62 

14 

25 

2.178 

2.1 

1.73 

12 

30 

• 

• 

• 

1 

Species= 
5 

Elm 

species 
0.683 

7.6 

1.50 

38 

10 

0.965 

9.3 

2.33 

36 

15 

1.059 

11.8 

3.27 

31 

20 

1.460 

12.7 

4.28 

22 

25 

1.555 

15.6 

5.66 

17 

30 

1.811 

21.8 

6.60 

4 

Table  6  (cont.) 


Standard  Deviation  of  Error 


number 

Year 

DBH 

NT 

BA 

of  plots 

Species= 

Hickory 

5 

0.570 

8.6 

1.55 

66 

10 

0.833 

9.5 

2.79 

63 

15 

1.060 

13.9 

3.32 

59 

20 

1.266 

15.5 

3.99 

50 

25 

1.165 

17.1 

4.36 

42 

30 

1.537 

6.2 

2.26 

9 

Species= 

Northern  red 

oak 

5 

0.678 

2.3 

1.56 

32 

10 

0.761 

2.8 

3.30 

29 

15 

1.265 

2.4 

5.83 

29 

20 

2.084 

3.4 

9.37 

27 

25 

2.033 

2.7 

7.60 

24 

30 

3.950 

0.7 

16.05 

5 

Species= 

Other  species 

1 

5 

0.876 

3.8 

1.70 

68 

10 

1.020 

7.6 

3.24 

60 

15 

1.249 

10.1 

4.64 

54 

20 

1.410 

8.3 

5.66 

40 

25 

1.605 

10.0 

7.89 

29 

30 

2.163 

8.3 

4.19 

9 

Species= 

Post  oak 

5 

0.396 

12.3 

2.61 

16 

10 

0.426 

10.3 

3.63 

14 

15 

0.633 

13.5 

4.77 

14 

20 

0.666 

16.5 

5.45 

13 

25 

0.801 

14.2 

7.07 

9 

30 

0.475 

24.4 

0.87 

4 

Species= 

Sugar  maple 

5 

0.720 

1.8 

0.52 

14 

10 

0.908 

2.2 

0.91 

11 

15 

2.372 

9.5 

1.46 

11 

20 

2.121 

4.3 

1.78 

9 

25 

2.238 

2.9 

2.88 

8 

30 

4.045 

3.5 

0.75 

2 

Species= 

White  oak 

5 

0.582 

6.0 

2.37 

77 

10 

0.872 

5.5 

4.58 

76 

15 

1.067 

6.0 

5.69 

72 

20 

1.123 

7.9 

7.64 

68 

25 

1.180 

8.2 

8.97 

62 

30 

1.313 

10.0 

12.33 

11 

List  of  Figures 


Figure  1.  Number  of  validation  plots  per  county. 

Figure  2 .  Errors  between  predicted  and  observed  stand 

attributes  (a)  quadratic  mean  diameter,  (b)  number  of 
trees  per  acre,  and  (c)  basal  area  per  acre  through 
time. 

Figure  3 .  Percent  errors  between  predicted  and  observed 
stand  attributes  through  time. 

Figure  4 .  Percent  error  of  number  of  trees  per  acre  by  tree 
diameter. 

Figure  5.  Standard  deviations  of  the  errors  between 

predicted  and  observed  stand  attributes  (a)  quadratic 
mean  diameter,  (b)  number  of  trees  per  acre,  and  (c) 
basal  area  per  acre  through  time. 

Figure  6.  Errors  between  predicted  and  observed  species 
attributes  (a)  quadratic  mean  diameter,  (b)  number  of 
trees  per  acre,  and  (c)  basal  area  per  acre  through 
time. 
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Introduction 

In  the  last  ten  years  there  has  been  an  increased  interest 
in  the  United  States  in  the  chemistry  of  precipitation  falling  on 
croplands,  forested  land,  and  surface  waters  (NRC,  1986) .   This 
interest  is  the  result  of  potential  negative  effects  to  these 
terrestrial  and  aquatic  ecosystems  as  a  result  of  substances 
dissolved  in  precipitation.   These  substances  are  often  called 
acidic  deposition  and  refer  to  sulfuric  (H^SO^)  and  nitric  (HNO3) 
acids.   As  a  result  of  long-range  transport  of  anthr<^pgenic 
k       emissions  of  sulfur  and  nitrogen,  these  acids  are  foun^/,in 
P       precipitation  in  many  areas  of  the  U.S.    Howev^^,  ^^scjWed 
acids  in  precipitation  are  only  one  component  o^'/'y^cidTg  'v^, 
deposition.   Dry  fall  composed  of  particulates,  gat|j^s,^tfnd  '^^ 
aerosols  can  also  add  significant  amounts  of  sulfur^riit^^ger?'^):. 
and  acids  to  systems  (NRC,  198  6)  .  '^z,   ^^ 

To  examine  the  wet  deposition  of  acids  and  other  ion^,  major 
cations  (e.g.  hydrogen,  ammonium,   calcium,  magnesium,  sodium, 
potassium)  and  anions  (e.g.  phosphate,  sulfate,  chloride, 
fluoride,  nitrate)  in  precipitation  are  routinely  measured 
(weekly)  by  the  National  Atmospheric  Deposition  Program  (NADP) 
throughout  the  U.S.   The  Federal/State  NADP  is  carried  out 
through  the  Cooperative  State  Research  Service  (U.S.  Department 
of  Agriculture)  and  involves  a  large  number  of  federal,  state, 
university,  and  private  industry  participants.   The  program  has 
well  defined  criteria  for  site  placement  and  operational 
considerations  including  sampling  sites,  analytical  methodology, 
and  data  handling  and  storage.   The  NADP  was  created  in  1978  and 
is  an  Interregional  Project  (IR-7)  designed  to  conduct  research 
on  atmospheric  deposition  and  potential  effects  on  surface  waters 
and  agricultural  and  forested  lands.   It  is  the  most  extensive 
network  for  monitoring  atmospheric  precipitation  in  the  U.S. 
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As  part  of  the  National  Acid  Precipitation  Assessment 
Program  (NAPAP) ,  the  National  Trends  Network  (NTN)  for  deposition 
monitoring  was  created  in  1982.   A  majority  of  the  NADP  sites  are 
included  in  the  NTN,  along  with  sites  from  other  deposition 
monitoring  networks.   The  number  of  monitoring  sites  in  NTN  is 
over  200.   Because  of  this  relationship  between  the  two  networks 
since  1984,  many  sites  are  referred  to  as  being  part  of  the 
NADP/NTN  network. 

Precipitation  chemistry  from  four  Illinois  sites  in  the 
NADP/NTN  network  is  discussed  in  this  report.   These  sites  are 
labelled  as  follows  on  Figure  1:   Dekalb  County  (NIARC) ; 
Bondville;  Southern  Illinois  University  (SIU) ;  and  Dixon  Springs 
Agricultural  Research  Center  (DSAC) .   Each  of  these  sites  are 
funded  through  the  University  of  Illinois  Agricultural  Experiment 
Station  and  have  been  in  operation  since  1979,  with  the  exception 
of  Dekalb  (1981) .   This  report  summarizes  data  collected  over  the 
period  of  January  1980  to  December  1984.   Comparisons  are  made 
among  sites  of  both  concentration  and  deposition  data. 

Methodology 

The  four  NADP  sites  included  in  this  report  are  located  in 
northern  (NIARC) ,  east-central  (Bondville) ,  southwestern  (SIU) , 
and  southeastern  (DSAC)  Illinois  (Table  1) .   All  are  low 
elevation  sites  (<  300  m)  and  meet  NADP  guidelines  (Bigelow, 
1984)  .   With  the  exception  of  the  SIU  site,  all  are  part  of  both 
the  NTN  and  NADP  networks.   Site  operation  follows  the  standard 
NADP  protocol  (Bigelow,  1982)  that  includes  sample  collection 
from  each  site  every  Tuesday  morning.   Samples  are  returned  to 
the  field  laboratory  with  the  exception  of  NIARC,  where  there  is 
no  field  laboratory,  for  measurements  of  weight,  specific 
conductance,  and  pH.   The  strip  chart  from  a  Bel fort  Recording 
Rain  Gage  and  Event  Recorder  located  adjacent  to  the  deposition 
collector  is  also  retrieved.   Samples  are  then  shipped  to  the 
Central  Analytical  Laboratory  (Illinois  State  Water  Survey, 
Champaign,  IL)  for  chemical  analysis  following  a  rigorous  Quality 
Assurance  program  (NADP,  1984) . 

Each  of  the  sites  is  equipped  with  an  Aerochem  Metrics  Model 
3  01  Automatic  Sensing  Wet/Dry  Precipitation  Collector.   The 
instruments  have  two  plastic  buckets  with  an  automatic  lid  which 
covers  the  wet  side  bucket  at  all  times  except  during 
precipitation  events.   At  the  start  of  an  event,  a  sensor  causes 
the  lid  to  automatically  move  from  the  wet  side  bucket  to  the  dry 
side  bucket.   After  the  event  is  over,  the  lid  automatically 
returns  to  the  wet  side.   Dry  side  deposition  was  originally 
collected  to  give  information  on  dry  fall  deposition.   After  many 
years  of  collection  and  analyses,  the  data  are  thought  to  be  of 
little  use  because  bucket  deposition  can  not  be  related  to 
deposition  that  falls  on  various  ecosystems.   Therefore,  only  the 
wet  deposition  (e.g.  rain,  snow,  sleet,  hail,  heavy  dew)  is 
presented  in  this  report. 


The  data  reported  here  were  obtained  from  the  Illinois  Water 
Survey  data  base  and  included  the  following  samples:   Quality 
Assurance;  DA  (no  water  was  in  wet  site  bucket  and  50  mL  of 
dilution  water  was  added  to  dissolve  and  analyze  for  any 
contaminants) ;  T  (only  a  trace  of  water  was  in  the  wet  side 
bucket  and  only  pH  and  possibly  conductivity  were  determined) ;  WA 
(wet  side  bucket  arrived  with  less  than  35  ml  of  water,  and  50  mL 
of  dilution  water  was  added) ;  W  (wet  side  bucket  with  more  than 
35  mL  of  water,  standard  sample) ;  and  samples  with  an  indication 
of  contamination  after  the  analyses  were  complete.   All  Quality 
Assurance,  DA,  and  contaminated  samples  were  deleted  from  the 
data  set  and  all  statistical  and  graphical  presentations.   Only 
complete  years  of  data  were  used  in  this  report,  with  collections 
in  1979  and  1985  deleted  from  further  analysis.   Central 
Analytical  Laboratory  pH  values  are  discussed  in  the  report  to 
ensure  that  all  data  are  comparable. 

Precipitation  volume  from  the  recording  rain  gauge  was  used 
to  calculate  deposition  in  conjunction  with  the  concentration 
data.   However,  the  deletion  of  contaminated  samples  reduced  the 
precipitation  for  some  sites  and  years  by  as  much  as  20%.   To 
correct  this  reduction,  the  missing  precipitation  for  each  site 
and  year  deleted  because  of  contamination  problems  was  summed  and 
used  to  calculate  correction  factors.   Therefore,  all  yearly 
deposition  calculations  are  based  on  a  full  year  of  precipitation 
as  measured  at  the  site. 

Results  and  Discussion 

m 

Mean  monthly  volume  weighted  pH  values  were  4.64,  4.31, 
4.43,  and  4.39  at  NIARC,  Bondville,  SIU,  and  DSAC  respectively 
(Tables  2-5).   The  lowest  weighted  monthly  pH  was  3.68  at 
Bondville,  and  the  highest  was  5.80  at  NIARC.   Mean  monthly  pH 
values  indicate  that  precipitation  was  acidic  throughout  Illinois 
over  the  period  1980-1984  with  a  pattern  of  decreasing  pH  from 
north  to  south.   Precipitation  was  only  sightly  more  acidic  than 
the  national  average  for  1982  of  4.70  (NADP,  1985).   The  pH 
levels  were  comparable  to  many  areas  of  the  northeastern  U.S. 
such  as  Greenville,  Maine  (pH  4.55,  Fernandez  et  al.,  1986)  or 
the  Adirondacks  in  New  York  (pH  4.33,  Raynal  et  al.,  1983),  but 
greater  than  State  College,  Pennsylvania  (pH  4.15,  NRC,  1986). 

There  was  considerable  temporal  variation  in  mean  annual  pH 
over  the  five  year  study  period  (Figure  2) .   For  example,  DSAC 
varied  from  a  low  mean  annual  pH  of  4.25  in  1980  to  4.49  in  1983. 
Warren  et  al.  (1982)  reported  a  mean  pH  of  4.3  at  DSAC  for  the 
first  3  2  months  of  the  site,  close  to  the  five  year  average  of 
4.39  reported  here.   Although  there  was  considerable  annual 
variation  in  pH,  there  were  no  trends  over  the  five  years  of  data 
evaluated.   These  results  indicate  the  importance  of  long-term 
data  monitoring.   If  only  1980  -  1982  data  were  evaluated  (Figure 


2) ,  it  would  appear  that  a  significant  upward  trend  in  pH  was 
occurring.   However,  pH  in  1983  -  1984  showed  an  opposite  trend. 

Ionic  Concentration  of  Precipitation 

Precipitation  composition  was  dominated  by  the  cations 
hydrogen  (31-55%  of  total  cations) ,  ammonium  (21-28%) ,  and 
calcium  (14-24%) ,  and  the  anions  sulfate  (62-67%  of  total  anions) 
and  nitrate  (25-32%)  at  each  of  the  sites  (Tables  2  -  5) . 
Chloride,  sodium,  magnesium,  and  potassium  contributed  little  (< 
10%  for  each  ion)  to  the  composition  of  the  precipitation.   The 
NIARC  site  in  northern  Illinois  had  lower  hydrogen  and  sulfate 
concentrations  than  the  other  sites,  with  greater  calcium  and 
ammonium  levels. 

These  data  indicate  that  two  components  were  contributing 
heavily  to  precipitation  chemistry.   The  first  was  sulfuric  and 
nitric  acids,  or  what  is  considered  acidic  precipitation. 
Sulfate  was  the  dominate  anion,  reflecting  the  importance  of 
atmospheric  sulfur  emissions  to  precipitation  chemistry.   The 
other  source  of  ions  was  probably  agriculture.   The  relatively 
high  levels  of  ammonium  (15.9  to  24.8  ueq  L~^)  were  most  likely 
from  fertilizer  additions  to  cropland  throughout  Illinois.   Lower 
levels  were  found  at  SIU  and  DSAC,  where  there  is  more  forested 
land  and  therefore  less  agriculture. 

To  further  evaluate  solution  concentrations,  bar  diagrams 
showing  anion  and  cation  balances  were  constructed  (Figure  3) . 
Cg  represents  all  basic  cations  including  calcium,  magnesium, 
potassium,  and  sodium.   Because  solutions  must  maintain  a  charge 
balance,  this  diagram  illustrates  that  the  data  are  very  good 
(within  4%)  because  of  the  close  balance  between  cations  and 
anions.   Clearly  shown  is  the  dominance  of  hydrogen  and  sulfate 
ions,  followed  by  ammonium  and  nitrate.   Bondville  had  the 
highest  level  of  dissolved  ions  (197  ueq  L""^)  ,  with  SIU  having 
the  lowest  (159  ueq  L"-*-)  . 

Each  ion  was  evaluated  on  a  monthly  and  annual  basis,  but  no 
apparent  trends  were  observed.   For  example,  annual  sulfate 
concentrations  are  presented  in  Figure  4 .   Concentrations  are 
lower  at  each  site  over  the  period  1982-1984  in  comparison  with 
1980-1981.   However,  there  was  not  enough  long-term  data  to 
examine  this  decline  more  closely. 

Deposition 

To  examine  deposition,  concentration  data  were  used  along 
with  precipitation  volumes.   Precipitation  averaged  880,  899, 
1023,  and  1287  mm  at  Bondville,  NIARC,  SIU,  and  DSAC  respectively 
over  the  five  years  studied.   These  averages  are  very  close  to 
long-term  annual  averages  for  Illinois  (1931-1960)  and  follow  the 
same  pattern  of  increasing  from  north  to  south  as  shown  on  a 
state  isopleth  map  (Fehrenbacher  et  al.  1984) .   Considerable 
variation  was  present  on  a  year  to  year  basis  (Figure  5) . 


Figure  6  presents  an  anion-cation  balance  showing  eq  ha"-'- 
yr"-'-  for  each  of  the  sites.   Relative  proportions  of  ions 
contributing  to  deposition  are  the  same  as  the  concentration  data 
on  which  they  are  based.    Because  of  the  higher  precipitation 
volume  at  DSAC,  deposition  is  greatest  at  this  site.   Bondville, 
which  had  the  highest  concentration  of  dissolved  ions,  does  not 
have  the  greatest  deposition  because  of  the  lower  precipitation 
at  this  site  in  comparison  with  DSAC. 

Sulfate  deposition  showed  considerable  annual  variation 
(Figure  7)  because  of  variation  in  annual  precipitation  (Figure 
5)  and  sulfate  concentrations  (Figure  4) .   Deposition  ranged  from 
384  sulfate  ueq  L"-'-  at  NIARC  in  1984  to  711  ueq  sulfate  L"-^  at 
DSAC  in  1982.   This  is  a  large  amount  of  sulfate  from  wet 
precipitation  alone  and  does  not  include  the  contribution  from 
dry  deposition,  which  is  often  equal  to  the  amount  from  wet. 
Lovett  et  al.  (1985)  measured  wet  sulfate  deposition  of  700  eq 
sulfate  ha"-^  yr~   in  eastern  Tennessee  at  three  deciduous 
forested  sites.   Dry  deposition  at  these  sites  was  estimated  at 
another  880  eq  sulfate  ha~  yr~  . 

For  the  DSAC  site,  monthly  sulfate  deposition  is  plotted 
along  with  monthly  precipitation  to  indicate  the  relationship 
between  these  two  parameters  and  to  show  monthly  variation  in 
sulfate  deposition  (Figure  8) .   The  correlation  coefficient  of 
0.83  (p  <  0.0001)  reflects  the  close  relationship.   Considerable 
variation  in  monthly  sulfate  deposition  is  also  apparent. 

Ionic  Correlations 

Correlation  coefficients  among  pH,  sulfate,  nitrate, 
ammonium,  and  hydrogen  indicate  that  lower  pH  values  are 
associated  with  higher  concentrations  of  sulfate  and  nitrate  at 
all  sites  except  NIARC,  and  that  hydrogen  ion  is  closely  related 
to  pH  as  would  be  expected  (Table  6) .   These  relationships  would 
result  when  sulfuric  and  nitric  acids  were  the  dominant  sources 
of  acidity  in  solution.   NIARC,  which  had  the  highest  mean  pH 
(4.64),  had  no  statistical  correlations  with  these  parameters 
indicating  that  acidity  is  not  controlled  by  sulfuric  and  nitric 
acids.   Both  sulfate  and  nitrate  were  correlated  with  hydrogen, 
again  indicating  the  close  relationship  among  these  ions. 

Sulfate  and  nitrate  were  correlated  with  ammonium  at  all 
sites,  suggesting  that  ammonium  sulfate  aerosols  contribute  to 
sulfate  in  precipitation  along  with  sulfuric  acid  (Table  6) . 
Nitrate  was  also  correlated  with  ammonium  levels,  though  less  so 
than  with  sulfate.   Gorham  et  al.  (1984)  found  similar 
correlations  for  33  sites  in  the  eastern  U.S.  during  1980-1981. 

Summary 

An  evaluation  of  precipitation  concentrations  and  deposition 
was  presented  at  four  Illinois  NADP/NTN  Network  sites  for 


precipitation  events  during  the  period  1980  through  1984.   Mean 
pH  values  were  lowest  at  DSAC  (4.39)  and  highest  at  NIARC  (4.64), 
Deposition  was  also  greatest  at  DSAC  because  of  higher 
precipitation,  although  Bondville  had  the  highest  levels  of 
dissolved  ions.   Mean  annual  sulfate  deposition  ranged  from  459 
eq  sulfate  ha~^  yr~^  at  NIARC  to  668  eq  sulfate  ha~^  yr~^  at 
DSAC.   Deposition  was  composed  primarily  of  sulfate  and  hydrogen 
ions,  followed  by  nitrate  and  ammonium.   Levels  of  base  cations 
and  chloride  contributed  smaller  amounts  to  deposition. 
Considerable  annual  and  monthly  variation  was  present  in  both 
concentration  and  deposition  of  all  ions. 
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Figure  Legends 
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Map  indicating  locations  of  Illinois  NADP/NTN 
sites  examined. 

Annual  volume  weighted  precipitation  pH  for 
Bondville,  NIARC,  SIU,  and  DSAC  during  1980  - 
1984. 

Charge  distribution  in  precipitation  collected  at 

Bondville,  NIARC,  SIU,  and  DSAC  during  1980  -1984. 

Cg  is  the  sum  of  basic  cation  (Ca^"*",  Mg^"*",  K"*", 
Na"*")  equilvalence. 

Annual  volume  weighted  precipitation  sulfate 
concentrations  for  Bondville,  NIARC,  SIU,  and  DSAC 
during  1980  -  1984. 

Annual  precipitation  for  Bondville,  NIARC,  SIU, 
and  DSAC  during  1980  -  1984. 

Charge  distribution  in  deposition  for  Bondville, 
NIARC,  SIU,  and  DSAC  during  1980  -  1984.   Co  is 
the  sum  of  basic  cation  (Ca^"*",  Mg^"*",  K"*",  Na  ) 
equilvalence . 

Annual  sulfate  deposition  for  Bondville,  NIARC, 
SIU,  and  DSAC  during  1980  -  1984. 

Monthly  precipitation  and  sulfate  deposition  for 
DSAC  during  1980  -  1984. 


I 


Table  1  -  NADP/NTN  Network  sites  in  Illinois  discussed  in  this 
report. 


Name 


Code  #     County    Latitude   Longitude  Elevation 

(m) 


NIARC 

141800 

Dekalb 

41°50' 

88°5l' 

265 

Bondville 

141160 

Champaign 

40^03' 

88°22* 

212 

SIU 

143580 

Jackson 

37°43* 

89^16* 

146 

DSAC 

146340 

Pope 

37°26' 

88^40 ' 

161 

► 
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Table  2  -  Monthly  volume  weighted  concentrations  of  anions  and 
cations  at  NIARC  from  January  1982  to  December  1984 


-I 


(units  are  ueq  L"-*-)  . 


Mean 

Range 

Standard  Deviation 

PH 

4.64 

4.14 

— 

5.80 

0.30 

H+ 

27.3 

1.6 

- 

72.6 

14.8 

Ca2+ 

21.6 

4.3 

- 

117.6 

21.6 

Mg2+ 

7.9 

1.7 

- 

47.4 

9.1 

K+ 

1.1 

0.2 

- 

5.5 

1.1 

Na+ 

4.7 

1.2 

- 

27.9 

5.1 

NH4+ 

24.8 

4.0 

- 

85.1 

13.7 

SO42- 

53.2 

21.9 

- 

101.3 

17.0 

NO3" 

27.4 

6.4 

- 

87.1 

15.1 

CI" 

4.7 

1.8 

- 

21.7 

3.7 

Cations 

88.0 

34.1 

- 

203.9 

38.4 

Anions 

86.0 

36.5 

- 

196.9 

31.2 

Table  3  -  Monthly  volume  weighted  concentrations  of  anions  and 

cations  at  Bondville  from  January  1980  to  December  1984 
(units  are  ueq  L~^) . 


Mean 

Range 

Standard  Deviation 

PH 

4.31 

3.68 

. 

4.77 

0.19 

H+ 

53.9 

17.0 

- 

206.1 

28.2 

Ca2+ 

13.6 

1.5 

- 

41.5 

8.8 

Mg2+ 

3.6 

1.0 

- 

25.7 

3.3 

K+ 

0.9 

0.02 

- 

3.8 

0.8 

Na+ 

3.9 

0.7 

- 

42.9 

5.4 

NH4'^ 

22.5 

5.2 

- 

58.1 

12.3 

SO42- 

65.7 

25.9 

- 

182.6 

26.7 

NO3'' 

28.4 

8.6 

- 

70.1 

10.9 

CI" 

5.0 

1.4 

- 

30.7 

3.9 

Cations 

98.5 

34.4 

- 

263.6 

38.7 

Anions 

99.3 

38.8 

— 

242.0 

36.6 

Table  4  -  Monthly  volume  weighted  concentrations  of  anions  and 
cations  at  SIU  from  January  1980  to  December  1984 
(units  are  ueq  L~^) . 


Mean 

Range 

► 

Standard  Deviation 

PH 

4.43 

4.02 

— 

4.89 

0.17 

H+ 

39.8 

13.6 

- 

95.9 

15.8 

Ca2+ 

13.2 

2.0 

- 

45.1 

8.8 

Mg2+ 

3.2 

0.7 

- 

14.2 

2.1 

K-*- 

0.9 

0.2 

- 

3.4 

0.6 

Na-^ 

4.9 

0.6 

- 

18.8 

3.2 

NH4"^ 

15.9 

4.7 

- 

63.1 

9.7 

SO42- 

52.6 

18.6 

- 

128.5 

20.9 

NO3" 

22.4 

5.8 

- 

50.1 

8.6 

CI" 

6.1 

1.7 

- 

21.5 

3.3 

Cations 

78.0 

35.7 

- 

197.4 

29.8 

Anions 

81.1 

35.5 

- 

200.2 

29.4 

Table  5  -  Monthly  volume  weighted  concentrations  of  anions  and 
cations  at  DSAC  from  January  1980  to  December  1984 
(units  are  ueq  L"-*-)  . 


Mean 

] 

Range 

Standard  Deviation 

PH 

4.39 

3.87 

— 

5.22 

0.22 

H+ 

45.4 

6.1 

- 

134.9 

23.2 

Ca2+ 

13.3 

2.1 

- 

40.4 

8.7 

Mg2+ 

3.3 

0.8 

- 

12.1 

2.0 

K+ 

1.0 

0.08 

- 

6.2 

0.9 

Na+ 

5.6 

0.3 

- 

21.8 

3.6 

NH4'^ 

18.1 

5.5 

- 

64.7 

10.1 

SO42- 

59.2 

24.4 

- 

138.4 

23.3 

NO3" 

22.6 

8.2 

- 

51.4 

9.3 

CI" 

7.0 

2.5 

- 

24.8 

3.7 

Cations 

86.7 

39.2 

- 

182.4 

33.7 

Anions 

88.8 

37.4 

- 

182.8 

32.5 

Table  6  -  Correlation  coefficients  (r)  among  mean  volume  weighted 
monthly  concentrations  of  hydrogen,  sulfate,  nitrate, 
ammonium,  and  pH  in  precipitation  at  NIARC,  Bondville, 
SIU,  and  DSAC. 


SO42- 

NO3" 

NH4-*" 

H+ 

pH 

NIARC 

-0.21 

0.20 

-0.18 

-0.87* 

Bondville 

-0.74* 

-0.56* 

-0.11 

-0.92* 

SIU 

-0.76* 

-0.60* 

-0.33 

-0.96* 

DSAC 

-0.69 

-0.64 

-0.23 

-0.92 

SO42' 

- 

NIARC 

0.67* 

0.74* 

0.36 

Bondville 

0.66* 

0.53* 

0.83* 

SIU 

0.79 

0.78* 

0.78* 

DSAC 

0.87 

0.69 

0.82 

NO3" 

NIARC 

0.58* 

-0.03 

Bondville 

0.60* 

0.55* 

SIU 

0.76* 

0.61*  . 

DSAC 

0.71 

0.73 

NH4+ 

NIARC 
Bondville 
SIU 
DSAC 

0.13 
0.16 
0.37 
0.32 

*  Indicates  significant  at  the  0.001  probability  level. 
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FORESTRY  RESEARCH        "^"^ 

REPORT      agricultural  experiment  station 

department  of  forestry        university  of  Illinois  at  urbana-chanipafgn  '- 

7  1987  "^UrIaN^ 

No.  87-7  March,  1987 

DIXON  SPRINGS  AGRICULTURAL  CENTER  WEATHER,  1984^ 

Lester  E.  Arnold 

The  Dixon  Springs  Agricultural  Center  (DSAC)  weather 
station  is  located  at  37°26'  latitude,  88°40'  longitude, 
Township  12  South,  Range  5  East,  Section  32  (Field  310) . 
The  station  is  on  a  five  percent  slope  of  Grantsburg  silt 
loam  at  54  0  feet  above  mean  sea  level.   The  surface  slopes 
downward  to  the  northwest.   The  station  is  near  the 
watershed  divide  between  Hayes  Creek  and  Sugar  Cre^5^ 

Daily  weather  observations  were  made  usiTto  m65^to^ng 
equipment  meeting  the  specifications  of  the  Nat'^^nalr' Weaker 
Service  (NWS)  ,  National  Oceanic  and  Atmospheric  ^^/-^      ^ y       '^ 
Administration  (NOAA)  ,  United  States  Department  of(^om5^;:c^<f' 
Weather  data  were  transferred  to  NWS  using  the  Natic^t^ide 
Touch-Tone  System  (NATS)  ,   a  computerized  telephone  r^ponse 
system.   The  DSAC  weather  station  was  part  of  the  NOAA'-' 
"severe"  weather  reporting  network.   Direct  immediate 
reports  of  tornadoes,  damaging  winds,  heavy  rains,  hail,  ice 
or  flash  flooding  were  made  as  needed. 

As  of  April,  1984,  daily  weather  observations  are  being 
sent  immediately  via  telephone  to  a  computer  in  Champaign, 
Illinois  as  a  part  of  the  Climate  Assistance  Service 
(CLASS) ,  Illinois  Department  of  Energy  and  Natural  Resources 
(ENR) ,  State  Water  Survey  Division.   Also,  starting  in  July, 
1984,  daily  weather  observations  are  being  given  to  a  local 
television  station,  WSIL  TV,  Harrisburg,  Illinois. 

In  addition  to  the  periodic  summaries  which  are  sent  to 
the  NOAA  Center  in  Asheville,  North  Carolina,  for 
compilation  and  publication,  evaporation  data  were  added  to 
the  publication  list  in  July,  1982. 

The  normal  (norm)  for  each  parameter  was  calculated  and 
presented  with  the  1984  weather  data  (Tables  1,  2  and  3). 


•^Hatch  Research  Project  01-325 

^Forester,  Department  of  Forestry,  University  of  Illinois, 

Urbana-Champaign . 


THE  ILLINOIS  AGRICULTURAl    FXPFRIMFNT  STATION  PROVIOFS  FODAI    nPPnRTHMITIFS  IN  PROHRAMS  AND  FMPI  OYMFNT 


MAXIMUM  TEMPERATURE,   94  °F  (34.4  °C) ,  August  17,  30, 
and  31. 

MINIMUM  TEMPERATURE,  -17  °F  (-27.2  °C) , January  21. 

THE  WARMEST  WEEK,  the  week  ending  June  18  with 
temperatures  averaging  80.1  °F  (26.7  °C) .   The  25-Year 
normal  for  hottest  week  of  July  was  77.8  °F  (25.4   C) , 
week  ending  July  2  3rd. 

THE  COLDEST  WEEK,  the  week  ending  January  2  3  with 
temperatures  averaging  15.9°F  (-8.9°C).  The  coldest 
week  of  a  20  year  normal  was  26.0°F  (-  3.3°C). 

GREATEST  AMOUNT  OF  PRECIPITATION,  2 4 -hour   period, 
ending  at  4:00  p.  December  21  with  3.04  inches. 

WEEK  WITH  GREATEST  AMOUNT  OF  PRECIPITATION,  ending 
December  24,  4.14  inches.   The  greatest  amount  of 
precipitation  normally  occurs  in  March. 

THE  WINDIEST  DAY,   February  28  with  wind  movement 
averaging  8.46  miles  per  hour. 

GREATEST  AMOUNT  OF  EVAPORATION,  1.87  inches  during  the 
week  ending  July  16.   The  normal  (23-year)  highest 
evaporation  week  (1.55  inches)  is  the  week  ending  July 
2. 

MAXIMUM  SOLAR  RADIATION,   3987  langleys  for  the  week 
ending  June  4.   The  week  ending  July  2  had  the  highest 
solar  radiation  normal  (average  3380  langleys) . 

MINIMUM  SOLAR  RADIATION,  585  langleys  for  the  week 
ending  December  17.   Normal  low  averages  765  langleys 
for  a  week. 

GREATEST  AMOUNT  OF  GROWING  DEGREE  (°F)  DAYS,  194  G.D.D. 
during  the  week  ending  July  16.  The  greatest  normal  of 
173  G.D.D.  occurred  during  the  week  ending  July  23. 

LIVESTOCK  SHIPPING  DANGER,  4  6  hours  during  the  week 
ending  June  18.  The  normal  (40  hours)  occurred  the 
week  ending  July  16. 

THE  FIRST  LIGHT  FROST  occurred  October  1  with  air 
temperature  of  33  °F  (0.6  °C)  killing  some  vegetation. 

SNOWFALL,   total  annual  snowfall  28.7  inches  (72.9  cm), 
normal  is  13.1  inches  (33.3  cm);   maximum  depth  was  10 
inches  (25.4  cm);  greatest  24-hour  accumulation  was  8.0 
inches  (20.3  cm) . 
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The  annual  rainfall  for  1984  was  57.4  inches  instead  of 
the  47  year  normal  of  47.2  inches. 

Harvest  and  construction  projects  were  hampered  by- 
excessive  rainfall  in  September,  October,  November  and 
December  (total  of  14.0  inches  above  the  47  year  normal  for 
these  months) . 

Data  recorded  at  the  DSAC  weather  station  in  1984  were 
published  in  the  following  national  and  state  publications 
and  made  available  through  most  libraries: 

Published  by  the  Department  of  Commerce,  National 
Oceanic  and  Atmospheric  Administration,  National 
Environmental  Satellite,  DAta  and  Information  Service, 
National  Climatic  Data  Center,  Federal  Building,  Asheville, 
NC  28801: 

(1)  Climatological  Data  (Illinois)  Volume  89. 

(2)  Hourly  Precipitation  Data  (Illinois)  Volume  34. 
Published  by  the  Illinois  Department  of  Energy  and 
Natural  Resources  Division  of  Policy  and  Planning, 
325  West  Adams  Street,  Springfield,  IL  62706: 

Reference. 

1.  Arnold,  L.  E.  1983.   Dixon  Springs  Agricultural 
Center  Weather  in  1982.   Illinois  Agric.  Exp.  Stn. 
DSAC  48:240-245. 

2.  Arnold,  L.  E.  198  .   Dixon  Spring  Agricultural 
Center  Weather  in  1983.   Illinois  Agric.  Exp.  Stn. 
Forestry  Research  Report  No. 

3.  Hendrie,  L.  Keith.   1981.   Illinois  Solar  Weather 
Program.   Illinois  Institute  of  Natural  Resources, 
State  WAter  Survey  Division.   SWS  Contract  Report 
27  6.   25  pp. 

4.  Wendland,  Wayne  M.   1981.   Illinois  Windpower 
Program.   Illinois  Institute  of  Natural  Resources, 
State  WAter  Survey  Division.   SWS  Contract  Report 
266.   20  pp. 

5.  Hendrie,  L.  Keith.   1983.   Illinois  Solar  Weather 
Program.   Illinois  Department  of  Energy  and  Natural 
Resources,  State  Water  Survey  Division.   SWS 
Contract  Report  3  04.   7  6  pp. 
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TABLE  1.  PRECIPITATION  AND  SOIL  MOISTURE 


Week 
Week  ending 


no 


Precipitation' 


SnowfalT 


Snowcover 


1984 '^  Week  Month   Norm   Week   Norm  Month   Norm   Week   Norm  Month   Norm 


Soil  Moisture^ 

Bare 
Sod        soil 

r 

2"     4"     2" 

<- 

{%) > 

<_ _  (Inches) 


(Days)  - 


-  > 


1 
2 

3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 

22 
23 
24 
25 

26 

27 
28 
29 
30 

31 
32 
33 
34 

35 
36 
37 
38 

39 
40 
41 
42 
43 

44 
45 
46 
47 

48 
49 
50 
51 
52 


Jan  9 
16 
23 

30  7 
JAN  TOTAL 
Feb  6 
13 
20 
27 
FEB  TOTAL 
Mar  5 
12 
19 
26 
MAR  TOTAL 
Apr  2 
9 
16 
23 
30 
APR  TOTAL 
May  7 
14 
21 
28 
MAY  TOTAL 
Jun  4 
11 
18 
25 
JUN  TOTAL 
Jul   2 
9 

16 

23 

30 

JUL  TOTAL 

Aug  6 

13 

20 

27 

AUG  TOTAL 

Sep  3 

10 

17 

24 

SEP  TOTAL 

Oct  1 

8 

15 

22 

29 

OCT  TOTAL 

Nov  5 

12 

19 

26 

NOV  TOTAL 

Dec  3 

10 

17 

24 

31 

TOTAL 


0.00 
0.20 


DEC 


0.14 
1.44 

0.87 
0.30 
1.86 
1.27 

1.62 
1.37 
1.01 
1.26 
0.53 

3.62 
0.55 
0.08 
1.27 

0.00 
0.20 
0.46 
2.32 

0.00 
2.68 
0.00 
1.79 
0.08 

0.41 
0.27 
0.35 
0.53 

0.46 
0.43 
1.04 
2.11 


2.25 
2.24 

2.35 
1.74 
1.60 
0.00 

1.82 
0.56 
1.53 
4.14 
2.04 


1.17   3.71 


3.70   3.50 


5,90   5.11 


4.17   4,72 


5.52   4.86 


2.98   3.82 


4.55   3.94 


1.56   3.69 


5.56   3.05 


7.21   2.66 


6.47   4.02 


8.56   4.11 


0.00 

1.28 

0.30 

1.52 

3.60 

1.25 

0.00 

0.81 

1.70 

0.87 

0.00 

0.88 

0.00 

0.93 

8.50 

1.04 

2.40 

0.62 

0.50 

0.61 

0.00 

0.26 

3.00 

0.85 

0.00 

0.00 

0.00 

0.00 

0.00 

0.26 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.18 

0.00 

0.12 

8.70 

0.57 

0.00 

0.12 

0.00 

0.44 

0.00 

0.43 

3.90   5.28 


12.60   3.59 


3.50   2.08 


0.00   0.26 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.17 


8.70   1.67 


0.00 

1.35 

0.00 

2.47 

6.00 

2.29 

0.00 

1.59 

2.00 

1.76 

1.00 

1.65 

0.00 

1.82 

1.00 

0.76 

5.00 

0.65 

0.00 

0.12 

0.00 

0.47 

0.00 

0.29 

0.00 

0.00 

0.00 

0.00 

0.00 

0.06 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.12 

0.00 

0.18 

4.00 

0.29 

0.00 

0.29 

0.00 

0.35 

0.00 

0.71 

16" 
15^ 
15« 
17« 


6.00   8.76 


6.00   6.00 


3.00   1.18 


0.00   0.06 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.00 


0.00   0.17 


11" 

10^ 
10^ 
13^ 


18" 
256 

246 
276 


28 


10" 
246 


4.00   2.33 


20" 

21" 

29 

12^ 

32, 

34, 

29 

32, 

21b 

23' 

29 

26. 

20^ 

25^ 

29 

26" 

25 

28 

29 

28^ 

2^6 

26'' 

27 

26'' 

31 

31 

30 

32 

25 

31 

29 

31 

20 

22 

28 

25 

20 

24 

29 

26 

22 

28 

30 

29 

24 

28 

29 

31 

20 

21 

27 

26 

31 

30 

29 

32 

20 

21 

27 

24 

19 

19 

23 

22 

20 

20 

24 

22 

17 

15 

19 

18 

16 

13 

17 

18 

16 

14 

15 

19 

21 

21 

24 

23 

17 

14 

18 

19 

20 

21 

24 

22 

17 

14 

18 

19 

19 

17 

20 

20 

16 

14 

16 

19 

17 

16 

15 

21 

15 

12 

14 

19 

16 

15 

14 

21 

15 

12 

13 

21 

17 

20 

13 

25 

16 

18 

14 

24 

19 

15 

18 

21 

33 

24 

29 

24 

23 

20 

24 

22 

31 

24 

28 

23 

31 

24 

29 

23 

31 

25 

30 

25 

32 

34 

30 

29 

21 

23 

29 

24 

22 

25 

29 

24 

25 

30 

28 

27 

20 

22 

26 

23 

21 

25 

28 

23 

23 

29 

28 

27 

26 

27 

29 

26 

21 

26 

28 

28 

23 

29 

28 

28 

Average   1.10^ 


_9 


10 


10 


21.37     21.42     24.35     23.58 


The  week  number  of  calendar  year  1984. 
^The  date  that  the  week  in  column  1  ends. 
^Weekly  amount  representing  all    precipitation  in  terms  of  inches  of  rainfall    regardless  of  form  (rainfall,   snow,   etc.). 

Ten  inches  of  snow  equal    approximately  one  inch  of  rainfall.     The  normal    was  computed  from  47  years  of  data. 
''Normals  were  computed  from  17  years  of  data. 

Grantsburg  silt  loam.     Measured  with  Coleman  fiberglas  moisture  units  at  the     end  of 

the  water  in  the  soil   which  could  be  removed  by  oven  drying  at  105°C.     In  this  soil, 

percent  and  field  capacity  from  25  to  30  percent  moisture.     Taken  under  bare  soil    at 

two  and  four  inches  (see  Reference  2). 
6 Soil    frozen. 
'Monthly  total. 

^Total    rainfall    for  1984  was  57.35  inches;  47-year  annual    average  is  47.19. 
^Average  annual    snowfall    for  17  years   is  13.05  inches. 
K) Average  days  per  year  of  snow-cover  is  17. /i. 


each  week.  The  value  represents 
wilting  point  ranges  from  7  to  11 
two     inches  and  under  sod  at  one. 


TABLE    2.       WEEKLY  AIR    AND    SOIL    TEMPERATURE 

Soil    temperature'* 


Week 
ending 
1984^ 

Under 

sod 

Bare 

soil 

1 

m 

2 

" 

4 

" 

i" 

2' 

4 

u 

Week 

Air   temperature 

Avg 
max 

Norm 

Avg^ 

Norm 

Avg^ 

Norm 

Avg 
max^ 

Norm 

Avg5 

Norm 

Avg^ 

no' 

Max 

Min 

Avg 

Norm 

Norm 

JAN 

9 

_____      / 

*p  1      — 

1 

59 

19 

38.1 

31.8 

35.0 

36.9 

( 

34.8 

t  J      — 
32.3 

35.1 

35.4 

37.1 

38.1 

34.5 

34.5 

34.5 

34.2 

2 

16 

53 

11 

27.6 

26.0 

34.9 

35.0 

34.7 

33.8 

35.4 

33.8 

35.6 

34.2 

33.3 

31.7 

34.1 

31.8 

3 

23 

36 

-17 

15.9 

33.2 

34.8 

36.6 

34.6 

33.1 

35.7 

32.9 

32.5 

33.8 

29.3 

31.3 

31.0 

31.7 

4 

30 

47 

19 

34.3 

33.4 

35.4 

37.2 

35.3 

34.9 

35.7 

34.3 

36.0 

36.3 

35.4 

33.5 

35.3 

33.2 

5 

FEB 

6 

58 

3 

33.2 

32.9 

- 

37.6 

- 

35.0 

34.0 

34.6 

- 

34.5 

- 

32.5 

34.8 

32.7 

6 

13 

67 

-2 

43.4 

33.6 

- 

34.9 

- 

33.1 

38.6 

32.6 

- 

34.7 

~ 

32.1 

39.9 

32.1 

7 

20 

67 

31 

50.9 

35.7 

- 

37.5 

- 

35.5 

48.4 

34.8 

- 

36.9 

- 

35.0 

50.9 

34.8 

8 

27 

66 

23 

43.2 

41.4 

- 

43.8 

- 

40.0 

46.6 

39.1 

- 

45.3 

- 

41.4 

47.9 

40.3 

9 

MAR 

5 

57 

10 

35.2 

42.9 

- 

46.6 

- 

42.0 

42.0 

40.9 

- 

48.3 

- 

43.7 

37.7 

42.8 

10 

12 

46 

15 

32.6 

44.2 

- 

49.6 

- 

44.2 

42.1 

43.6 

- 

53.2 

- 

44.2 

43.0 

43.5 

11 

19 

74 

31 

48.7 

46.2 

- 

51.9 

- 

46.4 

47.6 

45.8 

- 

59.4 

- 

48.2 

50.0 

47.6 

12 

26 

70 

31 

46.2 

47.9 

- 

53.9 

- 

48.2 

49.1 

47.3 

- 

61.5 

- 

49.7 

49.9 

49.0 

13 

APR 

2 

69 

27 

46.9 

50.1 

- 

58.3 

- 

52.4 

51.2 

50.8 

- 

63.0 

- 

53.3 

52.6 

52.4 

14 

9 

67 

33 

52.6 

53.4 

- 

60.5 

- 

53.9 

54.1 

52.6 

- 

68.0 

- 

55.5 

55.5 

54.7 

15 

16 

71 

43 

56.5 

54.9 

- 

61.2 

- 

56.0 

56.9 

55.0 

- 

64.8 

- 

55.7 

5«.7 

54.9 

16 

23 

65 

39 

52.2 

60.4 

- 

65.8 

- 

58.7 

56.6 

57.7 

- 

73.1 

- 

59.5 

56.9 

59.6 

17 

30 

83 

41 

65.9 

58.4 

- 

67.1 

- 

61.0 

68.1 

60.0 

- 

71.6 

- 

60.1 

65.8 

59. J 

18 

MAY 

7 

71 

37 

59.4 

61.3 

- 

69.9 

- 

63.7 

64.1 

62.5 

- 

74.2 

- 

62.3 

64.5 

61  .3 

19 

14 

81 

41 

62.9 

63.2 

- 

72.9 

- 

65.3 

66.3 

63.7 

- 

79.4 

- 

65.1 

67.1 

64.0 

20 

21 

83 

41 

64.4 

65.8 

- 

75.0 

- 

67.8 

70.7 

66.1 

- 

85.1 

- 

68.7 

71  .5 

67.4 

21 

28 

86 

46 

69.4 

68.1 

- 

79.3 

- 

71.0 

73.3 

69.2 

- 

87.4 

- 

70.9 

73.6 

71.0 

22 

JUN 

4 

87 

39 

65.5 

69.4 

- 

80.7 

- 

73.8 

71.8 

71.7 

- 

90.2 

- 

74.2 

71.3 

73.2 

23 

11 

91 

64 

77.7 

72.3 

- 

83.0 

- 

75.6 

78.9 

73.4 

- 

91.0 

- 

75.6 

83.4 

74.0 

24 

18 

93 

65 

80.1 

73.1 

- 

85.0 

- 

77.1 

82.9 

74.8 

- 

94.8 

- 

78.1 

89.9 

77.0 

25 

25 

92 

55 

76.9 

73.5 

- 

85.6 

- 

77.3 

82.5 

75.8 

- 

95.7 

- 

79.0 

85.3 

77.7 

26 

JUL 

2 

86 

59 

73.4 

73.6 

. 

87.1 

- 

79.3 

80.5 

77.6 

- 

97.5 

- 

80.7 

83.1 

80.0 

27 

9 

93 

56 

76.2 

76.1 

- 

88.5 

- 

79.7 

80.6 

78.0 

- 

97.5 

- 

82.0 

83.4 

80.9 

28 

16 

93 

60 

79.6 

77.3 

- 

89.1 

- 

80.8 

83.8 

79.0 

- 

100.2 

- 

84.3 

88.2 

83.1 

29 

23 

91 

56 

74.1 

77.9 

- 

89.8 

- 

81.7 

81.6 

80.3 

- 

103.8 

- 

86.8 

85.6 

85.9 

30 

30 

92 

57 

74.9 

76.6 

- 

88.0 

- 

80.3 

81.4 

79.0 

- 

102.2 

- 

85.6 

87.5 

84.2 

31 

AUG 

6 

87 

63 

76.1 

75.9 

- 

85.3 

- 

78.9 

80.3 

78.0 

- 

101.8 

- 

84.9 

85.1 

82.8 

32 

13 

90 

64 

78.6 

76.1 

- 

85.8 

- 

79.5 

82.3 

78.1 

- 

102.0 

- 

85.0 

87.5 

83.3 

33 

20 

94 

59 

74.8 

75.2 

- 

85.5 

- 

79.0 

80.4 

77.7 

- 

101.3 

- 

83.9 

87.2 

82.6 

34 

27 

90 

54 

70.1 

75.0 

- 

85.5 

- 

79.6 

78.1 

78.2 

- 

101.8 

- 

84.6 

81  .8 

82.7 

35 

SEP 

3 

94 

56 

78.7 

74.6 

- 

84.3 

- 

78.3 

80.0 

77.2 

- 

97.7 

- 

82.1 

88.1 

81.0 

36 

10 

85 

50 

71.1 

73.2 

- 

82.3 

- 

76.4 

75.3 

75.5 

- 

96.4 

- 

80.9 

79.8 

79.7 

37 

17 

92 

43 

70.6 

71.0 

- 

78.8 

- 

73.6 

77.0 

72.9 

- 

91.4 

- 

77.0 

77.6 

76.3 

38 

24 

88 

47 

69.8 

67.5 

- 

75.9 

- 

71.1 

73.1 

70.9 

- 

87.2 

- 

72.9 

76.4 

72.1 

39 

OCT 

1 

84 

37 

57.9 

64.2 

- 

73.6 

- 

68.4 

68.1 

67.9 

- 

83.1 

- 

69.1 

65.0 

67.9 

40 

8 

77 

33 

63.1 

61.3 

- 

70.6 

- 

65.6 

66.4 

65.3 

- 

79.5 

- 

65.4 

66.1 

65.1 

41 

15 

81 

59 

70.4 

60.7 

- 

68.8 

- 

63.0 

72.3 

62.7 

- 

76.2 

- 

63.  J 

73.8 

63.6 

42 

22 

79 

45 

61.3 

58.2 

- 

66.1 

- 

61.5 

69.1 

61.0 

- 

73.9 

- 

61.5 

66.9 

60.6 

43 

29 

81 

49 

63.5 

54.1 

- 

61.7 

- 

56.5 

66.4 

56.3 

- 

66.5 

- 

54.8 

65.6 

54.9 

44 

NOV 

5 

79 

31 

58.1 

54.3 

- 

61.0 

- 

56.7 

64.9 

56.4 

- 

66.7 

- 

55.9 

62.5 

55.6 

45 

12 

70 

30 

48.7 

49.3 

- 

56.3 

- 

53.6 

58.1 

53.5 

- 

61.5 

- 

52.0 

55.0 

52.7 

46 

19 

67 

21 

44.1 

47.0 

- 

53.1 

- 

50.0 

52.1 

49.7 

- 

57.1 

_ 

47.9 

49.1 

48.1 

47 

26 

66 

18 

41.6 

45.8 

- 

51.3 

- 

48.6 

46.8 

48.4 

- 

53.0 

_ 

45.8 

45.4 

45.6 

48 

DEC 

3 

66 

25 

45.7 

40.4 

- 

47.0 

_ 

44.2 

50.1 

44.1 

- 

47.6 

- 

41.6 

48.4 

42.1 

49 

10 

58 

2 

32.6 

39.9 

- 

44.4 

- 

41.1 

44.4 

41.0 

- 

47.8 

_ 

41.5 

39.8 

41.8 

50 

17 

72 

28 

56.5 

38.7 

- 

41.8 

- 

39.1 

53.8 

39.1 

- 

43.2 

- 

38.5 

56.6 

38.7 

51 

24 

60 

24 

43.9 

36.3 

- 

38.9 

- 

37.2 

51.5 

37.1 

- 

40.9 

_ 

35.1 

48.9 

35.3 

52 

31 

69 

14 

50.0 

36.0 

- 

37.7 

- 

35.8 

49.8 

35.7 

- 

37.6 

- 

33.8 

50.6 

33.3 

A 

verage 

75.44 

36.25 

57.4 

56.3 

- 

63.9 

- 

58.7 

61.8 

57.9 

- 

70.6 

- 

59.5 

62.9 

58.8 

The  week  number  of  calendar   year   1984. 

The  date   that    the  week  in   column   1    ends.      The  week   ends  on  Monday  at    4:00  p.m.    Central    time. 

Average     of     daily  maximum     and  minimum     temperatures     for      the  week.        The  normal    was   computed     from     19  to  25    years   of  data 
depending  upon   the  data   available   for  a   given  week. 

Degrees  Fahrenheit   in  Grantsburg  silt   loam  under  sod  and  under  a  bare  soil   surface.     Avg  max  «  the  average     of     daily  maximum 
soil    temperatures  at    the  one-inch   depth   for   the  week.      Avg  =  the  average   of  the  daily  maximum  and  minimum  soil    temperature  at 
the  given  depth   for   the  week.      The  normals   for  sod  and  bare   soil   were  computed  from  approximately  12   years   of  data. 
Missing  data  account   instrument    failure  and  unable   to  replace   because  of  budget    restriction. 
^ These  readings  were   from    "Palmer"  dial   soil    thermometers   because  instrument   ordinarily  used  failed  and  not   replaced. 


TABLE  3.   RELATIVE  HUMIDITY,  WIND,  EVAPORATION,  SOLAR  RADIATION,  LIVESTOCK  DANGER  AND  GROWING  DEGREE  DAYS 


Week 
ending 
'   1984^ 

Relative 

humidity^ 

Avg    Norm 

Wind- 

Evaporation^ 
Week   Norm 

Solar 

radiation^ 

Week   Norm 

Lives) 
dang( 

tock 
5r7 

Growing  degree  dav 

■s8 

Week 
no 

Avg 

Norm 

Windy 
day 

Norm 

Week 

Norm 

Week 

Norm 

Culm 

Norm 

<-  -(Z)  -  -> 

< 

-  -(mph) 

-  -> 

<-  -dr 

0-  -> 

(langleys) 

<-  -(h; 

r)-  -> 

< 

-(G.U. 

D.)  -  - 

-  -> 

1 

JAN 

9 

78.21 

71.26 

1.71 

3.14 

3.71 

5.91 

NA 

NA 

1323 

853 

0 

0 

7 

2 

7 

2 

2 

16 

79.71 

66.56 

2.76 

3.35 

5.96 

6.87 

NA 

NA 

1017 

1009 

0 

0 

2 

3 

9 

5 

3 

23 

71.29 

71.54 

2.54 

3.03 

5.33 

5.67 

NA 

NA 

1395 

1043 

0 

0 

0 

8 

9 

13 

4 

30 

89.00 

70.78 

3.02 

3.28 

6.25 

6.37 

NA 

NA 

936 

1092 

0 

0 

0 

7 

9 

21 

5 

FEB 

6 

71.43 

68.50 

3.55 

3.30 

6.21 

6.39 

NA 

NA 

1692 

1358 

0 

0 

8 

8 

17 

29 

6 

13 

66.71 

67.29 

2.05 

2.86 

3.71 

5.12 

NA 

NA 

1431 

1417 

0 

0 

29 

5 

46 

35 

7 

20 

64.50 

65.80 

2.59 

2.97 

4.38 

6.04 

NA 

NA 

1683 

1437 

0 

0 

41 

9 

86 

44 

8 

27 

63.50 

67.76 

2.28 

3.48 

4.00 

6.30 

NA 

NA 

1692 

1448 

0 

0 

27 

20 

113 

64 

9 

MAR 

5 

73.00 

64.72 

3.78 

3.44 

8.46 

6.09 

NA 

NA 

1908 

1750 

0 

0 

6 

22 

118 

86 

10 

12 

65.00 

66.23 

3.06 

3.50 

5.63 

6.13 

0.39 

0.64 

2160 

1711 

0 

0 

0 

30 

118 

115 

11 

19 

80.21 

64.84 

2.76 

3.25 

4.75 

5.91 

0.27 

0.64 

1143 

1898 

0 

0 

36 

32 

154 

147 

12 

26 

72.00 

65.91 

3.31 

3.52 

5.04 

6.28 

0.43 

0.70 

1503 

1944 

0 

0 

20 

35 

174 

183 

13 

APR 

2 

66.43 

64.28 

2.78 

3.32 

7.58 

5.98 

0.61 

0.82 

2448 

2197 

0 

0 

29 

46 

202 

229 

14 

9 

66.07 

60.58 

3.33 

3.20 

7.50 

5.93 

0.79 

0.90 

1971 

2462 

0 

0 

43 

58 

245 

287 

15 

16 

71.14 

63.57 

2.49 

3.02 

5.08 

5.27 

0.58 

0.97 

1692 

2525 

0 

0 

55 

67 

300 

354 

16 

23 

65.00 

65.07 

3.45 

2.80 

5.50 

4.49 

0.86 

1.08 

2340 

2399 

0 

0 

39 

85 

339 

439 

17 

30 

60.50 

64.27 

3.44 

2.63 

5.90 

4.41 

1.33 

1.10 

3060 

27  28 

0 

0 

117 

81 

456 

520 

18 

MAY 

7 

76.29 

66.91 

1.98 

2.27 

5.07 

3.71 

0.60 

1.08 

1701 

2633 

0 

0 

73 

84 

529 

605 

19 

14 

62.07 

66.41 

3.20 

2.35 

5.41 

3.66 

1.55 

1.21 

3798 

2908 

0 

0 

102 

95 

631 

699 

20 

21 

63.79 

66.99 

1.51 

1.90 

2.18 

3.01 

1.40 

1.18 

3600 

3118 

0 

0 

116 

110 

746 

810 

21 

28 

67.36 

66.98 

2.60 

1.87 

4.30 

2.88 

1.46 

1.25 

3114 

3120 

0 

4 

138 

126 

884 

936 

22 

JUN 

4 

61.57 

67.87 

2.21 

1.80 

4.79 

2.74 

1.55 

1.29 

3987 

3127 

0 

4 

121 

129 

1005 

1065 

23 

11 

66.07 

68.80 

2.47 

1.91 

4.44 

3.02 

1.57 

1.40 

3141 

3174 

5 

11 

189 

145 

1194 

1210 

24 

18 

67.36 

68.28 

1.30 

1.90 

2.16 

2.86 

1.71 

1.48 

3384 

3342 

46 

13 

192 

155 

1385 

1366 

25 

25 

72.21 

68.34 

1.36 

1.82 

3.24 

2.67 

1.53 

1.45 

2934 

3224 

20 

15 

182 

153 

1567 

1519 

26 

JUL 

2 

64.86 

67.75 

1.49 

1.80 

2.83 

2.M 

1.63 

1.55 

3438 

3380 

26 

18 

164 

161 

1730 

1680 

27 

9 

69.86 

69.45 

1.35 

1.61 

2.00 

2.20 

1.45 

1.44 

3168 

3117 

9 

26 

173 

164 

1903 

1844 

28 

16 

66.07 

69.19 

1.66 

1.58 

2.91 

2.13 

1.87 

1.52 

3600 

3313 

32 

40 

194 

172 

2096 

2016 

29 

23 

66.07 

68.48 

0.91 

1.52 

1.71 

2.27 

1.37 

1.55 

3528 

3300 

9 

36 

163 

173 

2259 

2190 

30 

30 

68.43 

69.44 

1.19 

1.58 

2.20 

2.25 

1.43 

1.39 

3267 

3143 

13 

24 

165 

166 

2424 

2356 

31 

AUG 

6 

74.00 

74.60 

1.02 

1.65 

1.59 

2.34 

1.00 

1.46 

2556 

2935 

1 

16 

182 

161 

2606 

2517 

32 

13 

73.79 

69.30 

1.43 

1.70 

2.04 

2.40 

1.29 

1.44 

2718 

3011 

30 

26 

190 

165 

2796 

2682 

33 

20 

67.21 

68.22 

0.88 

1.61 

1.16 

2.28 

1.31 

1.34 

27  90 

2879 

5 

16 

176 

162 

2971 

2844 

34 

27 

66.93 

66.78 

1.18 

1.63 

1.91 

2.39 

1.39 

1.36 

3186 

2926 

2 

13 

154 

161 

3125 

3005 

35 

SEP 

3 

63.71 

68.79 

2.21 

1.58 

3.26 

2.36 

1.69 

1.22 

2979 

2555 

34 

18 

181 

158 

3306 

3163 

36 

10 

64.50 

66.91 

1.95 

1.52 

3.46 

2.29 

1.23 

1.13 

2466 

2515 

0 

8 

148 

149 

3453 

3312 

37 

17 

69.36 

68.18 

1.73 

1.81 

4.75 

3.06 

1.33 

1.05 

2853 

2321 

15 

4 

144 

136 

3597 

3448 

38 

24 

67.50 

67.58 

1.20 

1.75 

1.71 

2.90 

1.04 

0.98 

2268 

2206 

0 

4 

139 

124 

3736 

3572 

39 

OCT 

1 

67.29 

66.90 

2.60 

1.83 

4.73 

3.03 

0.67 

0.97 

2151 

2042 

0 

1 

74 

104 

3809 

3676 

40 

8 

72.43 

64.11 

1.29 

1.75 

1.75 

2.81 

0.54 

0.84 

1521 

2157 

0 

0 

102 

95 

3911 

3771 

41 

15 

74.29 

65.13 

0.96 

1.84 

1.77 

2.94 

0.64 

0.77 

1485 

1803 

0 

0 

143 

94 

4053 

3865 

42 

22 

72.14 

65.82 

1.86 

2.04 

2.75 

3.46 

0.67 

0.73 

1188 

1698 

0 

0 

82 

78 

4135 

3943 

43 

29 

72.07 

65.52 

1.54 

2.03 

2.27 

3.35 

0.49 

0.70 

999 

1500 

0 

0 

96 

60 

4230 

4003 

44 

NOV 

5 

71.86 

66.05 

2.14 

2.09 

4.54 

3.53 

0.58 

0.54 

1323 

1364 

0 

0 

77 

65 

4307 

4068 

45 

12 

69.71 

65.45 

3.10 

2.38 

6.10 

4.56 

0.42 

0.51 

972 

1335 

0 

0 

38 

39 

4345 

4108 

46 

19 

59.86 

64.12 

2.36 

2.76 

4.25 

4.91 

0.53 

0.52 

1134 

1092 

0 

0 

21 

30 

4356 

4138 

47 

26 

60.43 

69.19 

1.35 

2.63 

2.49 

4.79 

0.36 

0.38 

1332 

865 

0 

0 

26 

24 

4392 

4162 

48 

DEC 

3 

66.00 

68.84 

3.09 

3.27 

4.76 

6.18 

NA 

NA 

1152 

901 

0 

0 

21 

14 

4412 

4176 

49 

10 

73.07 

69.55 

2.47 

3.15 

5.58 

5.76 

NA 

NA 

1098 

964 

0 

0 

7 

15 

4419 

4191 

50 

17 

85.57 

71.94 

2.57 

2.98 

4.02 

5.01 

NA 

NA 

585 

875 

0 

0 

62 

13 

4481 

4204 

51 

24 

78.86 

71.37 

2.42 

3.31 

4.38 

6.31 

NA 

NA 

630 

831 

0 

0 

19 

8 

4499 

4212 

52 

31 
Average 

75.93 

73.18 

2.92 

2.74 

5.81 

5.56 

NA 

NA 

729 

765 

0 

0 

45 

10 

4544 

4222 

====£=^ 

70.81 

:  =  =  =  s  =  £  = 

67.53 

2.20 

2.42 

4.10 

4.18 

1.04 

1.07 

2119 

2110 

4.75 

5.70 

87.38 

81.19 

======= 

'The  week  number  of  calendar  year  1984. 

^The  date  that  the  week   in  column  1  ends.     Tlie  week  ends  on  Monday  at  4:00  p.m.   Central    time. 

^Percent  of  saturation.  Avg  =  the  average  of  the  daily  maximum  and  minimum  readings  for  the  week.  The  normal  was  computed 
from  17  and  18  years  of  data. 

''Converted  to  miles  per  hour  from  dally  cumulative  totals.  Wind  normals  for  the  warmer  portion  of  the  year  (weeks  14  through 
43)  were  computed  from  19  to  24  years  of  data.  Until  12  years  ago  wind  data  were  not  collected  during  the  colder  months  as 
they  were  taken  only  in  conjunction  with  the  collection  of  evaporation  data.  Thus,  depending  on  the  temperatures  prevailing, 
normal  for  weeks  1  through  13  and  44  through  52  were  computed  from  12  to  15  years  of  data.  Avg  =  the  average  rate  of  air 
movement  for  the  week  without  regard  to  direction.  Windy  day  =  the  average  rate  for  the  day  with  the  greatest  air  movement, 
measured  in  inches  per  week.  The  amount  of  water  lost  from  a  standard  48-inch  diameter  monel  evaporation  pan.  Normals  were 
computed  from  19  to  24  years  of  data  for  weeks  14  through  43,  from  7  to  16  years  of  data  for  weeks  10  through  13,  and  44 
through  47.  Note  that  some  of  the  weeks  during  early  spring  or  late  fall  may  have  higher  normals  than  periods  during  warmer 
weather.  This  occurs  because  evaporation  data  cannot  be  safely  collected  during  years  of  hard  freeze  conditions  without 
possible  damage  to  equipment.  Years  when  the  seasons  warm  up  early  or  cool  off  late,  data  is  collected — but  only  during  the 
better  evaporating  conditions.  However,  once  the  evaporation  system  is  set  up,  it  is  kept  operational  even  though  moderate 
freezes  do  occur,   thus  obtaining  a  reasonably  good  estimate  of  actual    evaporating  conditions. 

^Solar  radiation  or  sunlight  measured  in  total  langleys  per  week.  A  langley  is  one  gram  calorie  of  radiant  energy,  that  is, 
the  amount  of  sunlight  shining  on  a  one  square  centimeter  surface  needed  to  raise  the  temperature  of  a  cubic  centimeter 
(1/1000  of  a  liter)  of  pure  water,  one  degree  centigrade  (Celcius).  For  example,  if  a  cup  of  ice  water  was  insulated  and 
placed  outside  at  sunrise  during  a  typical  summer  day,  the  sunlight  absorbed  on  the  top  surface  of  the  cup  (about  45  square 
centimeter  surface)  would  cause  the  water  to  boil  before  sunset,  about  500  gram  calories  of  energy.  But  on  a  typical  winter 
day  only  slightly  more  than  100  gram  calories  would  be  absorbed — the  cup  of  ice  water  would  only  reach  room  temperature. 
Normals  computed  from  12  to  13  years  of  data. 

'The  total  hours  per  week  that  the  National  Weather  Service  Livestock  safety  index  indicates  danger  ("expect  a  25  percent  or 
greater  increase  in  livestock  loss  during  transit").     Normals  were  computed  from  12  years  of  data. 

^An  index  of  plant  growing  conditions.  A  growing  degree  day  value  (G.D.D.)  occurs  only  when  the  maximum  temperature  is  qreater 
than  50°F.  The  number  of  G.D.D.  is  calculated  as  follows:  [(Daily  maximum'  +  daily  minimum')  *  2]  -  50  =  G.D.D.  "^If  the 
maximum  temperature  is  greater  than  86°F,  enter  86.  ^If  the  minimum  temperature  is  less  than  50'F,  enter  50,  or  if  the 
minimum  temperature  is  greater  than  86°F,  enter  86.  The  maximum  number  of  G.D.D. 's  per  day  is  36  (the  G.D.D.  normals  were 
computed  from  17  years  of  data).  Week  =  the  sum  of  the  daily  growing  degree  days  for  the  week;  culm  =  the  sum  of  the  daily 
growing  degree  days  for  the  current  year. 
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Lester  E.  Arnold  and  Stephen  A.  Ebelhar  ., ..k,. 

The  Dixon  Springs  Agricultural  Center  (DSAC)  weather 
station  is  located  at  37*^27'  latitude,  88°40'  longitude, 
Township  12  South,  Range  5  East,  Section  32  (Field  310)  . 
The  station  is  on  a  five  percent  slope  of  Grantsburg  silt 
loam  at  54  0  feet  above  mean  sea  level.  The  surface  slopes 
downward  to  the  northwest  and  is  located  near  the  watershed 
divide  between  Hayes  Creek  and  Sugar  Creek. 

Daily  weather  observations  were  made  using  monitoring 
equipment  meeting  the  specifications  of  the  National  Weather 
Service  (NWS) ,  National  Oceanic  and  Atmospheric 
Administration  (NOAA) ,  United  States  Department  of  Commerce. 
Weather  data  were  transferred  to  NWS  using  the  Nationwide 
Touch-Tone  System  (NATS) ,  a  nationwide  computerized 
telephone  response  system.  On  October  1,  1985,  the 
reporting  procedures  were  switched  over  to  the  REMOTE 
OBESRVATION  SURFACE  AUTOMATION  (ROSA)  system,  a  nationwide 
computerized  telephone  response  system.  The  DSAC  weather 
station  was  part  of  the  NOAA  "severe"  weather  reporting 
network.  Direct  immediate  reports  of  tornadoes,  damaging 
winds,  heavy  rains,  hail,  ice  or  flash  flooding  were  made  as 
needed. 

As  of  April,  1984,  daily  weather  observations  are  being 
sent  immediately  via  telephone  to  a  computer  in  Champaign, 
Illinois  as  a  part  of  the  Climate  Assistance  Service 
(CLASS) ,  Illinois  Department  of  Energy  and  Natural  Resources 
(ENR) ,  State  Water  Survey  Division.  This  information, 
beginning  October  1,  1985,  is  being  sent  via  ROSA  to 
computer  in  Bismarck,  North  Dakota  -  after  the  above  date 
ENR  accesses  their  data  from  ROSA.  Also,  starting  in  July, 
1984,   weather   observations   are   being   given   daily   via 
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telephone  to  a  local  television  station,  WSIL  TV  Channel  3, 
Harrisburg,  Illinois. 

In  addition  to  the  periodic  summaries  which  are  sent  to 
the  NOAA  Center  in  Asheville,  North  Carolina,  for  compi- 
lation and  publication,  evaporation  and  wind  data  were  added 
to  the  publication  list  in  July,  1982. 

Summary  of  Results.  The  normal  (norm)  for  each 
parameter  was  calculated  and  presented  with  the  1985  weather 
data  (Tables  1,  2  and  3) . 

MAXIMUM  TEMPERATURE,   94°F  (34.4°C),  July  15. 

MINIMUM  TEMPERATURE,  -15°F  (-26.1°C),  January  20. 

THE  WARMEST  WEEK,  the  week  ending  July  15  with 
temperatures  averaging  81.8°F  (27.7°C).  The  26-year  normal 
for  hottest  week  of  July  was  77.8°F  (25.4°C). 

THE  COOLEST  WEEK,  the  week  ending  February  4  with 
temperatures  averaging  16.7°F  (-8.5°C).  The  coldest  week  of 
a  21  year  normal  was  26.1°F  (-3.3°C). 

GREATEST  AMOUNT  OF  PRECIPITATION,  2 4 -hour  period, 
ending  at  4:00  p.  August  24  with  4.07  inches. 

WEEK  WITH  GREATEST  AMOUNT  OF  PRECIPITATION,  ending 
August  26,  5.83  inches.  The  greatest  amount  of 
precipitation  normally  occurs  in  March. 

THE  WINDIEST  DAY,  February  12  with  wind  movement 
averaging  12.67  miles  per  hour. 

GREATEST  AMOUNT  OF  EVAPORATION,  1.66  inches  during  the 
week  ending  July  22.  The  normal  (24-year)  highest 
evaporation  week  (1.55  inches)  is  the  week  ending  July  22. 

MAXIMUM  SOLAR  RADIATION,  3  3  57  langleys  for  the  week 
ending  July  22.  The  week  ending  July  1  had  the  highest 
solar  radiation  normal  (average  3313  langleys) . 

MINIMUM  SOLAR  RADIATION,  450  langleys  for  the  week 
ending  December  2.  Normal  low  averages  797  langleys  for  a 
week. 

GREATEST  AMOUNT  OF  GROWING  DEGREE  (°F)  DAYS,  2  02  G.D.D. 
during  the  weeks  ending  July  15.  The  greatest  normal  of  174 
G.D.D.  occurred  during  the  weeks  ending  July  15  and  22. 


LIVESTOCK  SHIPPING  DANGER,  64  hours  during  the  week 
ending  July  15.  The  normal  (42  hours)  occurred  the  week 
ending  July  15. 

THE  FIRST  LIGHT  FROST  occurred  October  2  with  air 
temperature  of  34*^F  (1.1°C)  killing  some  vegetation  in  low 
areas. 

SNOWFALL,  total  annual  snowfall  19.4  inches  (49.3  cm), 
normal  is  13.4  inches  (34.1  cm);  maximum  depth  was  6  inches 
(15.2  cm);  greatest  24-hour  accumulation  was  6  inches  (15.2 
cm)  . 

The  annual  rainfall  for  1985  was  66.9  inches  compared 
to  the  48  year  norm  of  47.2  inches. 

Severe  local  flooding  occurred  on  the  Hayes  Creek 
watershed  on  August  24  when  approximately  eleven  inches  of 
rainfall  fell  on  the  upper  reaches  of  the  water  shed  (5.09 
inches  fell  in  about  3  6  hours  at  the  DSAC  weather  station  - 
11.57  inches  were  recorded  for  the  month).  Bottomland  crops 
received  significant  damage  due  to  the  flood  waters, 
especially  milo. 

Above  average  or  continued  periods  of  rainfall  occurred 
during  June  and  August  which  aided  crop  growth  but  excess 
late  October  rainfall  hampered  harvest.  August  flash 
flooding  damaged  bottomland  crops. 
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TABLE   1.      PRECIPITATION  AND  SOIL   MOISTURE 
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The   week   number   of  calendar    year   1985. 
The  date    that    the   week  in  colunm   1   ends. 

Weekly  amount   representing  all  precipitation   in   terms  of  inches   of  rainfall    regardless   of  form    (rainfall,    snow,    etc.). 
Ten   inches   of  snow  equal    approximately  one  inch   of  rainfall.      The  normal   was  computed  from  48  years  of  data. 
Normals   were   computed   from   18   years    of  data. 

Crantsburg  silt   loam.      Measured  with   Coleman   fiberglas  moisture   units  at    tiie     end  of  each      week.      The   value   represents 
the   water   in    the   soil    which   could   be   removed   by   oven   drying  at   105'C.      In    this   soil,    wilting  point    ranges    from    7   to   11 
percent   and  field  capacity  from  25   to  30  percent   moisture.      Taken   under  bare  soil   at    two     inches  and   under  sod  at   one, 
.two  and  four  inches    (see  Reference   2) . 
Soil    frozen. 
Monthly    total. 

Total    rainfall    for   1985   was   56.87  inches;    48-year  annual    average   is   47.22   Inches. 
Average  annual   snowfall    for  18   years   is  13.41    Inches. 
Average  days  per   year  of  snow-cover  is  19 .S3. 
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41.9 

35.0 

2 

14 

39 

7 

26.5 

26.1 

- 

35.0 

- 

33.8 

41.1 

34.5 

- 

34.2 

- 

31.7 

37.4 

32.4 

3 

21 

42 

-15 

15.0 

32.3 

- 

36.6 

- 

33.1 

37.1 

33.3 

- 

33.8 

- 

31.3 

36.1 

32.2 

4 

28 

39 

5 

24.4 

33.0 

- 

37.2 

- 

34.9 

35.1 

34.4 

- 

36.3 

- 

33.5 

35.0 

33.3 

5 

FEB 

4 

36 

-6 

16.8 

32.0 

- 

37.6 

- 

35.0 

34.9 

37.7 

- 

34.5 

- 

32.5 

34.0 

36.7 

6 

11 

42 

0 

23.1 

33.1 

- 

34.9 

- 

33.1 

35.0 

36.3 

- 

34.7 

- 

32.1 

34.8 

36.6 

7 

18 

49 

12 

30.8 

35.5 

- 

37.5 

- 

35.5 

35.0 

39.2 

- 

36.9 

- 

35.0 

35.0 

40.4 

8 

25 

72 

26 

50.3 

41.9 

- 

43.8 

- 

40.0 

39.6 

43.4 

- 

45.3 

- 

41.4 

40.6 

45.6 

9 

HAR 

4 

66 

21 

48.2 

43.2 

- 

46.6 

- 

42.0 

47.4 

45.3 

- 

48.3 

- 

43.7 

51.1 

47.9 

10 

11 

68 

25 

49.1 

44.4 

- 

49.6 

- 

44.2 

49.5 

48.0 

- 

53.2 

- 

44.2 

51.4 

49.2 

11 

18 

65 

27 

47.0 

46.2 

- 

51.9 

- 

46.4 

51.4 

50.2 

- 

59.4 

- 

46.2 

53.0 

53.7 

12 

25 

68 

35 

51.9 

48.1 

- 

53.9 

- 

48.2 

52.9 

52.3 

- 

61.5 

- 

49.7 

53.6 

55.1 

13 

APR 

1 

80 

36 

61.1 

50.6 

- 

58.3 

- 

52.4 

58.4 

55.7 

- 

63.0 

- 

53.3 

60.7 

59.2 

14 

8 

75 

31 

52.6 

53.4 

- 

60.5 

- 

53.9 

57.7 

56.0 

- 

68.0 

- 

55.5 

57.2 

61.1 

15 

15 

76 

26 

55.5 

55.0 

- 

61.2 

- 

56.0 

57.4 

59.9 

- 

64.8 

- 

55.7 

59.2 

61.9 

16 

22 

83 

48 

68.7 

60.7 

- 

65.8 

- 

58.7 

66.7 

63.7 

- 

73.1 

- 

59.8 

69.5 

66.2 

17 

29 

82 

43 

67.3 

56.8 

- 

67.1 

- 

61.0 

70.4 

66.6 

- 

71.6 

- 

60.1 

72.0 

68.1 

18 

MAir 

6 

82 

45 

65.1 

61.5 

- 

69.9 

- 

63.7 

69.2 

68.4 

- 

74.2 

- 

62.3 

70.4 

69.4 

19 

13 

85 

47 

69.8 

63.5 

- 

72.9 

- 

65.3 

73.1 

70.0 

- 

79.4 

- 

65.1 

74.4 

72.6 

20 

20 

84 

43 

64.9 

65.8 

- 

75.0 

- 

67.8 

73.5 

72.6 

- 

85.1 

- 

68.7 

73.0 

77.0 

21 

27 

84 

46 

67.0 

68.1 

- 

79.3 

- 

71.0 

72.4 

75.6 

- 

87.4 

- 

70.9 

73.6 

80.5 

22 

JUS 

3 

88 

56 

74.2 

69.6 

- 

80.7 

- 

73.8 

77.1 

78.1 

- 

90.2 

- 

74.2 

79.1 

82.8 

23 

10 

90 

64 

74.7 

72.4 

- 

83.0 

- 

75.6 

79.4 

80.4 

- 

91.0 

- 

75.6 

81.5 

85.4 

24 

17 

88 

46 

68.9 

73.0 

- 

85.0 

- 

77.1 

76.6 

81.8 

- 

94.8 

- 

78.1 

76.9 

86.2 

25 

24 

90 

51 

72.9 

73.5 

- 

85.6 

- 

77.3 

76.9 

82.7 

- 

95.7 

- 

79.0 

78.2 

68.4 

26 

JUL 

1 

91 

61 

74.4 

73.6 

- 

87.1 

- 

79.3 

79.9 

84.5 

- 

97.5 

- 

80.7 

81.1 

90.5 

27 

8 

90 

60 

75.6 

76.1 

- 

88.5 

- 

79.7 

79.7 

65.5 

-. 

97.5 

- 

82.0 

61.2 

91.4 

28 

15 

94 

62 

81.8 

77.5 

- 

89.1 

- 

60.8 

84.4 

87.1 

- 

100.2 

- 

84.3 

66.2 

94.5 

29 

22 

93 

56 

77.2 

77.8 

- 

89.8 

- 

81.7 

82.4 

87.2 

- 

103.8 

- 

66.6 

66.9 

96.7 

30 

29 

90 

60 

76.8 

76.6 

- 

88.0 

- 

80.3 

82.1 

86.7 

- 

102.2 

- 

85.6 

85.9 

95.3 

31 

AUG 

5 

91 

59 

75.8 

75.9 

- 

85.3 

- 

78.9 

80.6 

84.9 

- 

101.8 

- 

84.9 

62.6 

93.4 

32 

12 

91 

65 

78.8 

76.2 

- 

85.8 

- 

79.5 

81.6 

65.2 

- 

102.0 

- 

85.0 

64.7 

94.4 

33 

19 

92 

63 

78.3 

75.3 

- 

85.5 

- 

79.0 

82.9 

84.8 

- 

101.3 

- 

83.9 

64.2 

93.7 

34 

26 

80 

55 

69.6 

74.8 

- 

85.5 

- 

79.6 

77.8 

64.7 

- 

101.8 

- 

84.6 

77.6 

92.3 

35 

SEP 

2 

89 

56 

75.0 

74.7 

- 

84.3 

- 

78.3 

79.5 

84.1 

- 

97.7 

- 

62.1 

81.3 

92.0 

36 

9 

91 

68 

79.3 

73.4 

- 

82.3 

- 

76.4 

81.6 

82.3 

- 

96.4 

- 

80.9 

83.1 

90.^ 

37 

16 

91 

47 

67.2 

70.9 

- 

78.8 

- 

73.6 

77.3 

79.7 

- 

91.4 

- 

77.0 

74.1 

85.8 

38 

23 

87 

52 

72.1 

67.7 

- 

75.9 

- 

71.1 

74.7 

77.9 

- 

87.2 

- 

72.9 

75.7 

62.1 

39 

30 

78 

35 

58.0 

63.9 

- 

73.6 

- 

68.4 

68.6 

73.7 

- 

83.1 

- 

69.1 

65.8 

74.9 

40 

OCT 

7 

73 

32 

52.4 

60.9 

- 

70.6 

- 

65.6 

62.8 

70.6 

- 

79.5 

- 

65.4 

56.8 

71.7 

41 

14 

85 

55 

61.9 

61.5 

- 

68.8 

- 

63.0 

67.9 

69.7 

- 

76.2 

- 

63.3 

70.7 

72.6 

42 

21 

81 

41 

67.4 

58.6 

- 

66.1 

- 

61.5 

69.4 

67.5 

- 

73.9 

- 

61.5 

69.9 

69.0 

43 

28 

78 

39 

62.3 

54.4 

- 

61.7 

- 

56.5 

66.9 

62.6 

- 

66.5 

- 

54.8 

65.4 

63.4 

44 

NOV 

4 

66 

35 

51.4 

54.2 

- 

61.0 

- 

56.7 

61.4 

62.2 

- 

66.7 

- 

55.9 

57.1 

62.7 

45 

11 

71 

30 

53.9 

49.4 

- 

56.3 

- 

53.6 

55.5 

56.5 

- 

61.5 

- 

52.0 

53.8 

58.9 

46 

18 

77 

42 

61.1 

47.5 

- 

53.1 

- 

50.0 

63.0 

55.2 

- 

57.1 

- 

47.9 

63.0 

55.2 

47 

25 

77 

25 

48.2 

45.9 

- 

51.3 

- 

48.6 

55.9 

52.9 

- 

53.0 

- 

45.8 

53.1 

51.5 

48 

DEC 

2 

66 

15 

46.0 

40.7 

- 

47.0 

- 

44.2 

54.2 

49.1 

- 

47.6 

- 

41.6 

51.9 

48.6 

49 

9 

58 

16 

35.3 

39.7 

- 

44.4 

- 

41.1 

43.2 

44.9 

- 

47.6 

- 

41.5 

39.5 

46.0 

50 

16 

62 

5 

33.4 

38.4 

- 

41.8 

- 

39.1 

45.1 

44.1 

- 

43.2 

- 

38.5 

43.1 

45.5 

51 

23 

50 

2 

26.6 

35.9 

- 

38.9 

- 

37.2 

38.6 

41.5 

- 

40.9 

- 

35.1 

36.4 

40.9 

52 

30 
verage 

52 
74.67 

5 
36.13 

29.4 
57.0 

35.7 
56.4 

- 

37.7 

- 

35.8 

36.7 

39.9 

- 

37.6 

- 

33.8 

35.4 

39.2 

A' 

_ 

63.9 

_ 

58.7 

62.4 

63.3 

_ 

70.6 

_ 

59.5 

62.7 

66.4 

The  week  number  of  calendar   year  1985. 


^The  date   that    the  week  in  column   1   ends.      The  week  ends  on  Monday  at   4:00  p.m.    Central    time. 

^Average     of     daily  maximum     and  minimum     temperatures     for      the  week.        The  normal    was   computed     from     20  to  26    years   of  data 
depending  upon    the  data  available  for  a  given  week. 

Degrees  Fahrenheit  in  Grantsburg  silt  loam  under  sod  and  under  a  bare  soil  surface.  Avg  max  =  the  average  of  daily  maximum 
soil  temperatures  at  the  one— inch  depth  for  the  week.  Avg  =  the  average  of  the  daily  maximum  and  minimum  soil  temperature  at 
the  given   depth   for   the   week.      The  normals   for  sod  and   bare   soil   were   computed   from  approximately   13   years   of  data. 

^Missing  data  account   instrument   failure  and  unable   to  replace  because  of  budget   restriction. 
These  readings  were  from    "Palmer"  dial   soil    thermometers  because  instrument   ordinarily  used  failed  and  not    replaced. 


} 


TABLE    3.       RELATIVE    HUMIDITY,    WIND,    EVAPORATION,    SOLAR    RADIATION,    LIVESTOCK   DANGER    AND    GROWING    DEGREE   DAYS 


Week 
fk  ending 
lo  1     1985 

Relative 
liumiditij 
^    Avg          Norm 

Wind 

Evaporation 
Week        Norm 

Solar 

radiation 

Week        Norm 

Li ves tock 
danger 

GrowinQ  dearee  da 

Wee 

Avg 

Norm 

Windy 
day 

Norm 

,s' 

n 

Week 

Norm 

Week 

Norm 

Culm 

Norm 

<-   -(*)    -  -> 

< 

-   -   -(mph)-   - 

> 

<-   -fin;-   -> 

( langleys ) 

<-  -(hr)-  -> 

<-  - 

{G.D 

.D.)    -   - 

■   -   -> 

1 

Jan      7 

81.57 

71.83 

4,47 

3.24 

6.42 

5.95 

NA 

NA 

585 

832 

0 

0 

8 

3 

8 

3 

2 

14 

70.14 

66.76 

3.91 

3.40 

6.33 

6.83 

NA 

NA 

1179 

1022 

0 

0 

0 

3 

a 

6 

3 

21 

68.07 

71.35 

4.60 

3.15 

7.88 

5.84 

NA 

NA 

963 

1036 

0 

0 

0 

8 

8 

13 

4 

28 

70.64 

70.77 

3.88 

3.32 

7.08 

6.43 

NA 

NA 

1341 

1111 

0 

0 

0 

7 

8 

20 

5 

Feb      4 

71.14 

68.65 

3.60 

3.33 

7.50 

6.48 

NA 

NA 

1305 

1354 

0 

0 

0 

8 

8 

28 

6 

11 

67.71 

67.32 

2.69 

2.85 

4.79 

5.09 

NA 

NA 

1044 

1388 

0 

0 

0 

5 

8 

33 

7 

18 

56.93 

65.31 

4.92 

3.12 

12.67 

6.55 

NA 

NA 

1854 

1469 

0 

0 

0 

9 

8 

42 

8 

25 

71.36 

67.96 

2.82 

3.43 

5.11 

6.21 

NA 

NA 

1134 

1424 

0 

0 

38 

21 

46 

63 

9 

Mar      4 

67.00 

64.85 

2.28 

3.35 

5.50 

6.04 

NA 

NA 

1611 

1739 

0 

0 

36 

23 

82 

86 

10 

11 

60.86 

65.93 

3.04 

3.46 

8.00 

6.26 

0.51 

0.62 

1782 

1716 

0 

0 

38 

30 

119 

116 

11 

18 

62.36 

64.70 

2.80 

3.22 

6.46 

5.94 

0.83 

0.66 

2601 

1952 

0 

0 

31 

32 

150 

148 

12 

25 

62.79 

65.73 

2.46 

3.45 

3.42 

6.11 

0.61 

0.69 

1692 

1925 

0 

0 

37 

35 

186 

183 

13 

Apr     1 

68.36 

64.51 

4.64 

3.41 

6.54 

6.02 

0.82 

0.82 

2007 

2182 

0 

0 

91 

48 

277 

231 

14 

8 

61.86 

60.65 

4.07 

3.24 

5.54 

5.91 

1.16 

0.91 

2853 

2492 

0 

0 

51 

58 

327 

289 

15 

15 

65.29 

63.66 

1.51 

2.94 

3.04 

5.16 

0.72 

0.95 

1872 

2474 

0 

0 

60 

67 

387 

356 

16 

22 

63.86 

65.00 

1.96 

2.76 

2.38 

4.38 

1.42 

1.09 

3141 

2456 

0 

0 

132 

88 

519 

444 

17 

29 

69.57 

64.57 

1.94 

2.60 

3.58 

4.37 

1.18 

1.10 

2754 

2730 

0 

0 

125 

84 

644 

527 

18 

May      6 

72.07 

67.20 

1.90 

2.25 

2.63 

3.66 

1.01 

1.07 

2682 

2637 

0 

0 

110 

86 

753 

613 

19 

13 

70.86 

66.66 

1.27 

2.30 

2.37 

3.60 

1.09 

1.20 

2619 

2886 

3 

0 

140 

97 

893 

710 

20 

20 

69.50 

67.13 

2.56 

1.93 

5.61 

3.12 

1.40 

1.19 

3249 

3128 

0 

0 

110 

110 

1003 

820 

21 

27 

67.86 

67.03 

1.89 

1.87 

3.44 

2.90 

1.33 

1.26 

2889 

3103 

0 

4 

123 

126 

1126 

946 

22 

Jun      3 

72.57 

68.13 

1.73 

1.79 

3.37 

2.77 

1.34 

1.29 

2898 

3111 

5 

4 

168 

132 

1294 

1078 

23 

10 

80.64 

69.46 

1.58 

1.89 

1.94 

2.97 

1.37 

1.40 

2574 

3131 

16 

12 

171 

147 

1465 

1224 

24 

17 

70.64 

68.41 

1.76 

1.90 

4.13 

2.91 

1.23 

1.47 

2808 

3304 

3 

12 

134 

154 

1599 

1378 

25 

24 

70.43 

68.46 

2.03 

1.82 

2.69 

2.67 

1.57 

1.45 

3339 

3232 

14 

15 

158 

153 

1756 

1532 

26 

Jul      1 

76.07 

68.21 

1.45 

1.79 

3.05 

2.66 

1.19 

1.53 

2448 

3313 

12 

18 

165 

161 

1921 

1693 

27 

8 

72.29 

69.61 

1.66 

1.61 

2.04 

2.20 

1.55 

1.45 

3141 

3119 

2 

24 

175 

165 

2095 

1858 

28 

15 

72.64 

69.39 

1.47 

1.58 

1.95 

2.12 

1.57 

1.52 

2934 

3286 

64 

42 

202 

174 

2297 

2032 

29 

22 

69.21 

68.52 

1.16 

1.51 

1.53 

2.24 

1.66 

1.55 

3357 

3304 

18 

34 

::'3 

174 

2475 

2206 

30 

29 

75.07 

69.76 

1.46 

1.57 

2.01 

2.24 

1.44 

1.39 

2979 

3131 

13 

23 

181 

167 

2656 

2372 

31 

Aug     5 

74.36 

74.59 

1.44 

1.64 

2.28 

2.33 

1.19 

1.45 

2349 

2893 

17 

16 

174 

162 

2830 

2534 

32 

12 

76.57 

69.70 

1.05 

1.68 

1.66 

2.37 

1.29 

1.43 

2673 

2987 

25 

26 

192 

167 

3021 

2701 

33 

19 

78.57 

68.80 

1.30 

1.59 

1.60 

2.26 

1.17 

1.33 

2430 

2847 

31 

17 

189 

164 

3210 

2864 

34 

26 

74.36 

67.20 

1.44 

1.62 

2.30 

2.38 

0.81 

1.33 

2340 

2884 

0 

12 

138 

160 

3347 

3024 

35 

Sep      2 

71.79 

68.95 

1.00 

1.55 

1.84 

2.34 

1.29 

1.22 

3051 

2590 

4 

17 

169 

159 

3516 

3183 

36 

9 

77.93 

67.52 

1.78 

1.53 

2.71 

2.31 

1.20 

1.13 

2430 

2509 

34 

10 

196 

151 

3712 

3334 

37 

16 

69.21 

68.24 

1.37 

1.79 

2.04 

3.02 

1.15 

1.06 

2709 

2348 

3 

4 

121 

135 

3833 

3469 

38 

23 

67.14 

67.55 

1.27 

1.73 

2.02 

2.86 

1.28 

0.99 

2421 

2222 

0 

3 

155 

126 

3987 

3595 

39 

30 

67.21 

66.92 

1.90 

1.83 

3.02 

3.03 

0.85 

0.97 

2250 

2057 

0 

0 

78 

103 

4065 

3698 

40 

Oct      7 

63.71 

64.09 

1.91 

1.76 

4.28 

2.87 

0.80 

0.84 

2493 

2181 

0 

0 

'  57 

93 

4122 

3791 

41 

14 

68.93 

65.34 

1.62 

1.83 

3.47 

2.96 

0.77 

0.77 

1782 

1801 

0 

0 

145 

97 

4267 

3887 

42 

21 

74.00 

66.28 

1.44 

2.02 

2.23 

3.41 

0.57 

0.72 

1260 

1667 

0 

0 

127 

81 

4393 

3968 

43 

28 

70.86 

65.82 

1.13 

1.99 

2.39 

3.31 

0.62 

0.69 

1179 

1477 

0 

0 

93 

62 

4486 

4030 

44 

Nov      4 

84.57 

67.08 

2.83 

2.14 

4.05 

3.56 

0.48 

0.54 

666 

1314 

0 

0 

28 

63 

4514 

4093 

45 

11 

66.93 

65.53 

3.06 

2.42 

4.54 

4.56 

0.67 

0.52 

1305 

1333 

0 

0 

59 

41 

4573 

4134 

46 

18 

80.86 

65.00 

1.92 

2.70 

3.42 

4.82 

0.54 

0.52 

891 

1077 

0 

0 

85 

33 

4657 

4167 

47 

25 

77.29 

69.62 

2.85 

2.64 

5.38 

4.83 

0.26 

0.37 

783 

859 

0 

0 

43 

25 

4700 

4192 

48 

Dec     2 

87.71 

69.84 

3.26 

3.27 

7.08 

6.25 

NA 

NA 

450 

869 

0 

0 

28 

15 

4728 

4207 

49 

9 

64.43 

69.28 

1.71 

3.04 

4.00 

5.62 

NA 

NA 

927 

961 

0 

0 

7 

15 

4734 

4222 

50 

16 

81.29 

72.44 

3.27 

3.00 

5.67 

5.06 

NA 

NA 

882 

876 

0 

0 

11 

13 

4745 

4234 

51 

23 

72.36 

71.42 

3.02 

3.28 

4.79 

6.19 

NA 

NA 

1269 

862 

0 

0 

0 

7 

4745 

4242 

52 

30 

60.79 

72.53 

4.04 

2.84 

6.15 

5.60 

NA 

NA 

1215 

797 

0 

0 

1 

9 

4746 

4251 

Average 

70.73 

67.72 

2.35 

2.42 

4.15 

4.18 

1.05 

1.07 

2027 

2104 

5.08 

5.65 

91.27 

81.75 

The   week   number   of  calendar   year   1985. 

The   date    that    tlte   week   in   column   1    ends.      The   week   ends   on  Monday   at   4:00  p.m.    Central    time. 
3 
Percent    of  saturation.      Avg  =   the   average   of   the   daily      maximum  and   mininiura   readings      for      the   week.      The  normal    was   computed 

from   18  and  19   years   of  data. 

Converted   to  miles  per  hour   from   daily  cumulative    totals.      Wind  normals    for    the   warmer  portion   of   the   year      (weeks   14    through 

43)    were   computed   from   20    to   25    years   of  data.      Until    13   years   ago,    wind   data   ware   not    collected      during    the   colder   months   as 

they   were   taken   only   in   conjunction   with    the   collection   of  evaporation   data.      Thus,    depending   on    the    temperatures   prevailing, 

normal    for  weeks   1    through   13  and  44    through   52  were      computed      from  13   to  16   years      of     data.      Avg  =  the   average   rate  of  air 

movement    for    the   week   without    regard   to   direction.      Windy   day   =•   the   average   rate   for    the   day   with    the   greatest   air   movement. 

Measured  in   inches  per   week.      The   amount   of  water   lost    from   a   standard  48-inch   diameter      monel    evaporation  pan.      Normals   were 

computed      from  20    to   25    years      of     data    for      weeks   14    through   43,    from  8   to   17   years   of  data    for   weeks   10   through   13,      and   44 

through   47.      Note    that   some   of   the   weeks   during   early   spring  or   late   fall   may   have   higlier  normals    than  periods      during   warmer 

weather.      This      occurs      because      evaporation   data   cannot   be   safely      collected   during   years   of  hard   freeze      conditions   without 

possible  damage   to  equipment.      Years  when    the  seasons  warm  up  early  or  cool   off  late,    data  is  collected — but   only     during   the 

better   evaporating   conditions.      However,    once    the   evaporation   system   is   set    up,    it   is   kept      operational    even      though   moderate 

freezes  Jo  occur,    thus  obtaining  a  reasonably  good  estimate  of  actual   evaporating  conditions . 

Solar  radiation   or  sunlight  measured  in    totai    langleys     per     week.      A  langley  is  one  gram  calorie  of  radiant   energy,    that   is, 

the     amount   of  sunlight     shining  on  a  one     square     centimeter  surface  needed   to  raise    the   temperature     of     a  cubic  centimeter 

(1/1000  of  a   liter)    of  pure   water,    one   degree      centigrade      (Celcius) .      For   example,    if  a   cup   of   ice      water   was      insulated   and 

placed   outside   at   sunrise   during   a    typical      summer   day,    the   sunlight      absorbed   on    the    top   surface   of   the   cup    (about   45   square 

centimeter   surface)    would  cause    the   water    to   toil   before   sunset,    about    500  gram   calories   of   energy.      But    on   a    typical      winter 

day  only     slightly  more   than  100  gram     calories     would  be  absorbed — the   cup  of  ice   water     would  only  reach   room      temperature. 

Normals   computed   from  13    to   14   years   of  data. 

The    total   hours   per   week    that    tlie  National   Weather  Service  Livestock      safety   index   indicates      danger    ("expect    a   25  percent   or 

greater   increase   in    livestock   loss   during    transit") .      Normals   were   computed   from  13   years   of  data. 

An   index  of  plant    growing   conditions .   A  growing   degree   day   value    (G.D.D.)    occurs   only  when    the   maximum   temperature   is    oreater 

than    50'F.      The   number      of     G.D.D,    is      calculated     as      follows:    [(Daily  maximum^    +  daily  minimum^)    i    2 ]   -   50   =  G.D.D.      If   the 

maximum      temperature   is   greater      than   86'F,    enter   86.        If   the      minimum      temperature   is    less    than      50'F,    enter  50,    or      if   the 

minimum    temperature   is   greater      than   86'F,    enter   86.      The   maximum      number   of  G .D.D. 's  per   day   is   36    (the  G.D.D.    normals      were 

computed   from  18   years   of  data).      Week   =   the   sum   of   the   daily  growing      degree      days   for   the   week;    culm   =  the   sum  of   the   daily 

growing  degree   days   for    tlie   current    year. 
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DIXON  SPRINGS  AGRICULTURAL  CENTER  WEATHER,  198  6 
Lester  E.  Arnold  and  Stephen  A.  Ebelhar^ 


The  Dixon  Springs  Agricultural  Center  (DSAC)  weather 
station  is  located  at  37°27'  latitude,  88°40'  longitude. 
Township  12  South,  Range  5  East,  Section  32  (Field  310)  . 
The  station  is  on  a  five  percent  slope  of  Grantsburg  silt 
loam  at  540  feet  above  mean  sea  level.  The  surface  slopes 
downward  to  the  northwest  and  is  located  near  the  watershed 
divide  between  Hayes  Creek  and  Sugar  Creek. 

Daily  weather  observations  were  made  using  monitoring 
equipment  meeting  the  specifications  of  the  National  Weather 
Service  (NWS) ,  National  Oceanic  and  Atmospheric 
Administration  (NOAA) ,  United  States  Department  of  Commerce. 
Weather  data  were  transferred  to  NWS  using  the  REMOTE 
OBESRVATION  SURFACE  AUTOMATION  (ROSA)  system,  a  nationwide 
computerized  telephone  response  system.  The  DSAC  weather 
station  was  part  of  the  NOAA  "severe"  weather  reporting 
network.  Direct  immediate  reports  of  tornadoes,  damaging 
winds,  heavy  rains,  hail,  ice  or  flash  flooding  were  made  as 
needed. 

As  of  April,  1984,  daily  weather  observations  are  being 
sent  immediately  via  telephone  to  a  computer  in  Champaign, 
Illinois  as  a  part  of  the  Climate  Assistance  Service 
(CLASS) ,  Illinois  Department  of  Energy  and  Natural  Resources 
(ENR) ,  State  Water  Survey  Division.  This  information, 
beginning  August  1,  1985,  is  being  sent  via  "ROSA"  to 
computer  in  Bismarck,  North  Dakota.  Also,  starting  in  July, 
1984,  weather  observations  are  being  given  daily  via 
telephone  to  a  local  television  station,  WSIL  TV  Channel  3, 
Harrisburg,  Illinois.  In  July,  1986  a  solar  powered 
automatic  raingauge  was  contributed  and  installed  by  NWS  to 
further  add  to  the  list  of  equipment  for  the  upgrading  of 
the  weather  station. 

■■-Supported  in  part  by  Hatch  Weather  Station  project  01-325. 

^The  authors  are,  respectively.  Forester,  Department  of^'  "^^  Lidr»M.i} 
Forestry  and  Associate  Agronomist,  Department  of  Agro|i(^ij,^  jggg 
University  of  Illinois,  Urbana-Champaign. 
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In  addition  to  the  periodic  summaries  which  are  sent  to 
the  NOAA  Center  in  Asheville,  North  Carolina,  for 
compilation  and  publication,  evaporation  and  wind  data  were 
added  in  July,  1982. 

Summary  of  Results.  The  normal  (norm)  for  each 
parameter  was  calculated  and  presented  with  the  198  6  weather 
data  (Tables  1,  2  and  3) . 

MAXIMUM  TEMPERATURE,  96°F  (35.6°C),  July  9,  19,  20  and 
26. 

MINIMUM  TEMPERATURE,  0°F  (-17.7°C),  January  27. 

THE  WARMEST  WEEK,  the  week  ending  July  21  with 
temperatures  averaging  82.1°F  (27.8°C).  The  27-year  normal 
for  hottest  week  of  July  was  78.0°F  (25.6°C). 

THE  COOLEST  WEEK,  the  week  ending  February  17  with 
temperatures  averaging  27.7°F  (-2.4°C).  The  coldest  week  of 
a  22  year  normal  was  26.3°F  (-  3.2°C). 

GREATEST  AMOUNT  OF  PRECIPITATION,  2 4 -hour  period, 
ending  at  4:00  p.  May  16  with  3.28  inches. 

WEEK  WITH  GREATEST  AMOUNT  OF  PRECIPITATION,  ending  May 
19,  7.92  inches.  The  greatest  amount  of  precipitation 
normally  occurs  in  March. 

THE  WINDIEST  DAY,  January  27  with  wind  movement 
averaging  9.08  miles  per  hour. 

GREATEST  AMOUNT  OF  EVAPORATION,  2.04  inches  during  the 
week  ending  July  14.  The  normal  (25-year)  highest 
evaporation  week  (1.57  inches)  is  the  week  ending  July  21. 

MAXIMUM  SOLAR  RADIATION,  3699  langleys  for  the  week 
ending  May  5.  The  week  ending  July  21  had  the  highest  solar 
radiation  normal  (average  3301  langleys) . 

MINIMUM  SOLAR  RADIATION,  504  langleys  for  the  week 
ending  December  1.  Normal  low  averages  791  langleys  for  a 
week. 

GREATEST  AMOUNT  OF  GROWING  DEGREE  (°F)  DAYS,  2  00  G.D.D. 
during  the  weeks  ending  July  14  and  September  29.  The 
greatest  normal  of  175  G.D.D.  occurred  during  the  weeks 
ending  July  14  and  21. 


LIVESTOCK  SHIPPING  DANGER,  54  hours  during  the  week 
ending  July  21.  The  normal  (42  hours)  occurred  the  week 
ending  July  14 . 

THE  FIRST  LIGHT  FROST  occurred  October  16  with  air 
temperature  of  33  °F  (0.6  °C)  killing  some  vegetation. 

SNOWFALL,  total  annual  snowfall  4.0  inches  (10.2  cm), 
normal  is  12.9  inches  (32.8  cm);  maximum  depth  was  4  inches 
(10.2  cm);  greatest  24-hour  accumulation  was  2.5  inches  (6.4 
cm)  . 

The  annual  rainfall  for  1986  was  4  6.0  inches  compared 
to  the  49  year  norm  of  47.2  inches. 

Field  crop  planting  schedules  were  severly  hampered  by 
excessive  rainfall  in  mid  May  (week  ending  May  19  had  7.92 
inches)  with  a  monthly  total  of  10.75  inches  which  more  than 
doubled  the  49  year  norm  of  4.99  inches. 
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TABLE    1.       PRECIPITATION  AND   SOIL    MOISTURE 


Week 
Week     ending 


Precipitation 
1986^      Week     Month        Norm 


Snowfair 


Snowcover^ 


1 

Jan     6 

0.00 

2 

13 

0.00 

3 

20 

1.15 

4 

27 

0.00 

7 

JAN   TOTAL  ' 

5 

Feb     3 

2.13 

6 

10 

1.14 

7 

17 

0.31 

a 

24 
FEB    TOTAL 

0.00 

9 

Mar      3 

0.01 

10 

10 

0.60 

11 

17 

1.63 

12 

24 

0.36 

13 

31 
MAR    TOTAL 

0.09 

14 

7 

0.45 

15 

14 

0.03 

16 

21 

1.49 

17 

28 
APR    TOTAL 

0.44 

18 

May      5 

0.02 

19 

12 

0.54 

20 

19 

7.92 

21 

26 
MAY    TOTAL 

2.00 

22 

Jun      2 

0.59 

23 

9 

2.42 

24 

16 

0.10 

25 

23 

0.00 

26 

30 
JUN    TOTAL 

0.00 

27 

Jul       7 

0.44 

28 

14 

2.18 

29 

21 

0.87 

30 

28 
JUL    TOTAL 

0.29 

31 

Aug      4 

0.01 

32 

11 

3.25 

33 

18 

0.80 

34 

25 
AUG    TOTAL 

0.01 

35 

Sep      1 

0,10 

36 

8 

0.14 

37 

15 

0.42 

38 

22 

2.43 

39 

29 
SEP    TOTAL 

1.34 

40 

Oct      6 

1.78 

41 

13 

0.37 

42 

20 

0.00 

43 

27 
OCT   TOTAL 

1.78 

44 

Nov      3 

0.00 

45 

10 

1.42 

46 

17 

0.20 

47 

24 

NOV    TOTAL 

0.18 

48 

Dec      1 

3.11 

49 

8 

0.31 

50 

15 

0.44 

51 

22 

0.02 

52 

29 
DEC    TOTAL 

0.64 

Average 

0.88^ 

1.18        3.57 


3.56        3.46 


2.68        5.02 


2.41 


4.16 


4.66 


10.75        4.99 


2.84        3.88 


3.79        3.87 


3.86 


4.49        3.08 


3.77        2.71 


3.24        4.07 


3.11 


4.02 


Week 

Norm 

Month 

Norm 

Week 

Norm 

Month 

Norm 

(Inches) 

1 

- 

-> 

<-  - 

-  -   (Da 

ys)  -  - 

----- 

0.00 

1.46 

0.00 

1.42 

0.00 

1.39 

0.00 

2.53 

0.00 

1.23 

0.00 

2.21 

0.00 

0.94 

0.00 

1.58 

0 

.00 

5 

.42 

0.00 

8.84 

0.00 

0.92 

0.00 

1.58 

0.00 

0.93 

0.00 

1.84 

4.00 

1.04 

s.oo 

2.32 

0.00 

0.93 

0.00 

0.95 

4 

.00 

3 

.67 

s.oo 

6.&7 

0.00 

0.56 

0.00 

0.58 

0.00 

0.57 

0.00 

0.11 

0.00 

0.24 

0.00 

0.42 

0.00 

0.76 

0.00 

0.26 

0.00 

0.00 

0.00 

0.00 

0 

.00 

1 

.86 

0.00 

1.05 

0.00 

0.00 

0.00 

0.00 

0.00 

0.24 

0.00 

0.05 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 

.00 

0 

.24 

0.00 

0.05 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 

.00 

0 

.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0, 

.00 

0, 

,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0, 

.00 

0. 

.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0. 

.00 

0. 

.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0. 

.00 

0. 

00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0. 

.00 

0. 

00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.15 

0.00 

0.10 

0. 

00 

0. 

16 

0.00 

0.15 

0.00 

0.10 

0.00 

0.15 

0.00 

0.49 

0.00 

0.25 

0.00 

0.17 

0.00 

0.25 

0.00 

0.38 

0.00 

0.30 

0.00 

0.37 

0.00 

0.60 

0. 

00 

1. 

57 

0.00 

2.20 
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Soil   Moisture 

s 

Sod 

Bare 
soil 

i" 

2'             4' 

2" 

<-   ■ 

f*; 

-  -> 

J*" 

2jb 

26 

19 

20^ 

22^ 

26 

12 

20^ 

23^ 

26 

18 

33 

36 

29 

30 

19'' 

21^ 

27 

10 

32 

35 

30 

32 

31 

27 

29 

24 

32 

24 

29 

30 

27 

24 

28 

23 

24 

23 

27 

22 

32 

27 

29 

24 

25 

33 

28 

24 

22 

22 

27 

23 

20 

20 

26 

21 

22 

21 

27 

22 

17 

16 

24 

12 

21 

23 

27 

23 

21 

22 

26 

22 

17 

15 

23 

19 

16 

16 

23 

23 

27 

29 

29 

26 

32 

34 

29 

32 

24 

23 

27 

25 

31 

26 

29 

27 

20 

22 

26 

23 

17 

15 

24 

20 

15 

12 

24 

19 

15 

14 

22 

19 

25 

25 

27 

26 

17 

15 

23 

21 

16 

14 

23 

21 

14 

14 

23 

20 

21 

24 

26 

25 

19 

22 

25 

26 

16 

15 

23 

21 

15 

12 

23 

20 

15 

11 

22 

20 

15 

12 

22 

22 

19 

21 

25 

26 

19 

21 

25 

24 

22 

23 

27 

27 

25 

24 

27 

28 

20 

21 

25 

25 

22 

23 

28 

24 

21 

22 

27 

25 

22 

24 

28 

24 

21 

23 

27 

24 

22 

23 

27 

23 

32 

29 

29 

28 

31 

27 

29 

27 

23 

23 

27 

26 

22 

23 

27 

24 

_9 


.10 


.10 


22.00      21.67      26.19      23.10 


10 


The   week  number   of  calendar    year   1986. 

The   date    that    the   week   in   column   1    ends. 

Weekly  amount   representing  all  precipitation  in   terms  of  inches  of  rainfall    regardless  of  form    (rainfall,    snow,    etc.). 

Ten   inches   of  snow  equal    approximately   one   inch   of  rainfall.      The   normal    was   computed   from  49   years   of  data. 

Normals   were   computed   from  19    years   of  data. 

Grantsburg  silt    loam.      Measured  with   Coleman    fiberglas   moisture   units   at    the      end   of  each      week.      The    value   represents 

the   water   in    the   soil   which   could  be   removed   hy  oven   drying  at   105'C.      In    this   soil,    wilting  point    ranges   from    7   to   11 

percent   cuid  field  capacity  from  25    to  30  percent   moisture .      Taken   under  bare  soil   at    two     inches  and  under  sod  at   one, 

two  and  four   inches    (sec  Reference   2) . 

Soil    frozen. 
7 

Monthly    total, 
ft 

Total    rainfall    for   1986  was   45.98  inches;    49-year   annual   average   is   47.19   Inches. 
Average  annual    snowfall    for   19    years   is   12,92   Inches. 
Average   days  per   year   of  snow-cover  is   18.82. 


TABLE   2. 

WEEKLY 

AIR 

AND    SOIL 

TEMPERATURE 

======= 

==^=,=.==.= 

:======= 

======= 

,======= 

.====s=03«=<.===o;: 

rs=== 

:========= 

>======= 

======= 

========== 

;====== 

======= 

, =_=_ 

===== 

Week 

:  ending 
1986^ 

Air    temperature^ 

Soil    temperature'^ 

Under   sod 

Bare 

soil 

1 

" 

2" 

4" 

1" 

2" 

4 

" 

Meek 

Avg 

Norm 

Avg 

'5      Norm 

Avg^ 

Norm 

Avg 
max- 

^      Norm 

Avg^ 

Norm 

Avgb 

no^ 

Max 

Hin 

Avg 

Norm 

Norm 

/•pi      

1 

JAN     6 

50 

13 

35.8 

31.9 

_ 

36.9 

_ 

(    e  J      — 
32.3 

35.9 

36.3 

- 

38.1 

- 

34.5 

35.0 

35.0 

2 

13 

57 

7 

31.9 

26.3 

- 

35.0 

- 

33.8 

36.0 

34.6 

- 

34.2 

- 

31.7 

34.0 

32.6 

3 

20 

63 

20 

44.0 

33.1 

- 

36.6 

- 

33.1 

39.8 

33.8 

- 

33.8 

- 

31.3 

35.0 

32.4 

4 

27 

70 

0 

38.3 

33.2 

- 

37.2 

- 

34.9 

42.5 

35.0 

- 

36.3 

- 

33.5 

42.1 

34.1 

5 

FEB      3 

63 

9 

41.7 

32.5 

- 

37.6 

- 

35.0 

39.7 

28.9 

- 

34.5 

- 

32.5 

39.6 

26.1 

6 

10 

64 

17 

42.4 

33.7 

- 

34.9 

- 

33.1 

48.5 

27.1 

- 

34.7 

- 

32.1 

48.1 

25.7 

7 

17 

68 

1 

27.7 

35.1 

- 

37.5 

- 

35.5 

40.4 

29.0 

- 

36.9 

- 

35.0 

39.0 

27.8 

8 

24 

71 

23 

48.5 

42.2 

- 

43.8 

- 

40.0 

48.6 

32.6 

- 

45.3 

- 

41.4 

50.0 

32.2 

9 

MAR      3 

65 

13 

41.0 

43.1 

- 

46.6 

- 

42.0 

44.7 

34.1 

- 

48.3 

- 

43.7 

44.4 

34.2 

10 

10 

72 

22 

46.7 

44.5 

- 

49.6 

- 

44.2 

46.1 

36.3 

- 

53.2 

- 

44.2 

47.5 

34.8 

11 

17 

70 

31 

51.4 

46.4 

- 

51.9 

- 

46.4 

53.3 

38.8 

- 

59.4 

- 

48.2 

54.4 

38.0 

12 

24 

72 

15 

45.9 

48.0 

- 

53.9 

- 

48.2 

50.5 

39.4 

- 

61.5 

- 

49.7 

50.1 

39.2 

13 

31 

83 

30 

60.0 

51.0 

- 

58.3 

- 

52.4 

56.7 

43.0 

- 

63.0 

- 

53.3 

58.5 

41.9 

14 

APR      7 

82 

49 

67.9 

53.9 

- 

60.5 

- 

53.9 

63.9 

43.8 

- 

68.0 

- 

55.5 

65.4 

43.7 

15 

14 

79 

34 

58.9 

55.1 

- 

61.2 

- 

56.0 

62.7 

46.5 

- 

64.8 

- 

55.7 

62.6 

43.9 

16 

21 

73 

38 

54.5 

60.5 

- 

65.8 

- 

58.7 

60.6 

48.1 

- 

73.1 

- 

59.8 

59.6 

46.9 

17 

28 

85 

27 

62.1 

58.9 

- 

67.1 

- 

61.0 

63.6 

50.8 

- 

71.6 

- 

60.1 

64.4 

47.5 

18 

MAY      5 

85 

36 

63.2 

61.6 

- 

69.9 

- 

63.7 

67.6 

52.9 

- 

74.2 

- 

62.3 

68.4 

49.0 

19 

12 

89 

56 

73.4 

63.9 

- 

72.9 

- 

65.3 

73.4 

53.9 

- 

79.4 

- 

65.1 

78.1 

51.2 

20 

19 

85 

48 

69.2 

65.9 

- 

75.0 

- 

67.8 

73.4 

55.9 

- 

85.1 

- 

68.7 

74.4 

52.4 

21 

26 

77 

41 

63.6 

67.9 

- 

79.3 

- 

71.0 

70.4 

58.6 

- 

87.4 

- 

70.9 

70.3 

55.2 

22 

JUN      2 

88 

55 

71.9 

69.7 

- 

80.7 

- 

73.8 

78.1 

60.7 

- 

90.2 

- 

74.2 

78.6 

56.9 

23 

9 

90 

59 

75.8 

72.5 

- 

83.0 

- 

75.6 

80.1 

62.1 

- 

91.0 

- 

75.6 

80.6 

57.6 

24 

16 

90 

55 

74.8 

73.0 

- 

85.0 

- 

77.1 

81.4 

63.3 

- 

94.8 

- 

78.1 

80.9 

59.9 

25 

23 

93 

56 

76.4 

73.6 

- 

85.6 

- 

77.3 

83.9 

64.1 

- 

95.7 

- 

79.0 

83.5 

60.4 

26 

30 

93 

58 

78.1 

73.8 

- 

87.1 

- 

79.3 

84.1 

65.6 

- 

97.5 

- 

80.7 

86.2 

62.2 

27 

JUL      7 

95 

60 

78.9 

76.2 

- 

88.5 

- 

79.7 

83.9 

65.0 

- 

.     97.5 

- 

82.0 

86.5 

62.9 

28 

14 

96 

67 

01.5 

77.6 

- 

89.1 

- 

80.8 

85.4 

65.8 

- 

100.2 

- 

84.3 

88.3 

64.6 

29 

21 

96 

68 

82.1 

78.0 

- 

89.8 

- 

81.7 

86.1 

67.9 

- 

103.8 

- 

86.8 

08.6 

66.8 

30 

28 

96 

63 

80.7 

76.7 

- 

88.0 

- 

80.3 

84.1 

65.8 

- 

102.2 

- 

85.6 

88.9 

65.5 

31 

AUG      4 

94 

59 

77.9 

76.0 

- 

85.3 

- 

78.9 

83.1 

66.0 

- 

101.8 

- 

84.9 

87.6 

64.4 

32 

11 

90 

55 

75.4 

76.1 

- 

85.8 

- 

79.5 

80.6 

66.0 

- 

102.0 

- 

85.0 

82.1 

64.8 

33 

18 

91 

56 

75.3 

75.3 

- 

85.5 

- 

79.0 

79.9 

65.8 

- 

101.3 

- 

83.9 

80.5 

64.3 

34 

25 

91 

61 

76.5 

74.8 

- 

85.5 

- 

79.6 

81.0 

66.2 

- 

101  .8 

- 

84.6 

81  .6 

64.3 

35 

SEP      1 

92 

46 

69.4 

74.4 

- 

84.3 

- 

78.3 

77.5 

65.4 

- 

97.7 

- 

82.1 

78.5 

63.0 

36 

8 

88 

46 

71.0 

73.3 

- 

82.3 

- 

76.4 

75.8 

63.9 

- 

96.4 

- 

80.9 

78.9 

62.0 

37 

15 

87 

47 

71.0 

70.8 

- 

78.8 

- 

73.6 

73.4 

61.7 

- 

91.4 

- 

77.0 

76.9 

59.4 

38 

22 

88 

58 

73.9 

67.9 

- 

75.9 

- 

71.1 

75.9 

59.1 

- 

87.2 

- 

72.9 

77.9 

56.1 

39 

29 

91 

68 

79.9 

64.4 

- 

73.6 

- 

68.4 

79.6 

57.5 

- 

83.1 

- 

69.1 

80.8 

54.3 

40 

OCT      6 

90 

52 

72.8 

61.3 

- 

70.6 

- 

65.6 

78.1 

55.3 

- 

79.5 

- 

65.4 

76.7 

52.1 

41 

13 

76 

35 

66.5 

61.6 

- 

68.8 

- 

63.0 

69.1 

52.2 

- 

76.2 

- 

63.3 

65.3 

50.9 

42 

20 

77 

33 

52.8 

58.3 

- 

66.1 

- 

61.5 

63.1 

51.6 

- 

73.9 

- 

61  .5 

59.0 

48.4 

43 

27 

80 

46 

59.0 

54.5 

- 

61.7 

- 

56.5 

65.6 

47.7 

- 

66.5 

- 

54.8 

63.4 

43.9 

44 

NOV      3 

76 

41 

57.9 

54.2 

- 

61.0 

- 

56.7 

62.2 

47.7 

- 

66.7 

- 

55.9 

60.4 

44.5 

45 

10 

72 

32 

54.4 

49.5 

- 

56.3 

- 

53.6 

61.9 

45.3 

- 

61.5 

- 

52.0 

59.4 

42.2 

46 

17 

50 

9 

35.2 

46.9 

- 

53.1 

- 

50.0 

49.8 

42.1 

- 

57.1 

- 

47.9 

43.7 

38.5 

47 

24 

63 

26 

44.8 

45.8 

- 

51.3 

- 

48.6 

51.3 

41.0 

- 

53.0 

- 

45.8 

48.6 

36.5 

48 

DEC      1 

59 

30 

44.9 

40.7 

- 

47.0 

- 

44.2 

50.7 

37.3 

- 

47.6 

- 

41.6 

40.9 

33.7 

49 

8 

54 

18 

40.8 

39.6 

- 

44.4 

- 

41.1 

47.1 

34.7 

- 

47.8 

- 

41.5 

45.7 

33.5 

50 

15 

57 

14 

32.9 

38.1 

- 

41.8 

- 

39.1 

43.3 

33.1 

- 

43.2 

- 

38.5 

40.7 

31.0 

51 

22 

55 

21 

39.9 

35.8 

- 

38.9 

- 

37.2 

44.1 

31  .4 

- 

40.9 

- 

35.1 

44.0 

28.3 

52 

29 

45 

20 

33.4 

35.6 

- 

37.7 

- 

35.8 

41.9 

30.2 

- 

37.6 

- 

33.8 

39.7 

26.7 

A\ 

verage 

77.42 

37.38 

59.1 

56.4 

- 

63.9 

- 

58.7 

63.5 

49.2 

- 

70.6 

- 

59.5 

63.5 

47.0 

The   week   number   of  calendar    year   1986. 

The   date    that    the   week   in   column   1    ends.      The   week   ends   on   Hondaij   at    4:00  p.m.    Central    time. 

Average      of     daily  maximum     and  minimum      temperatures      for      the   week.         The   normal    was   computed      from      21    to   27    years   of   data 

depending  upon    the  data   available   for  a   given   week. 

Degrees   Fahrenheit    in   Grantshurg   silt    loam   under  sod  and   under  a   hare   soil    surface.      Avg   max   =   the   average      of     daily  maximum 

soil    temperatures   at    the   one-inch   depth    for   the   week.      Avg  =•   the   average   of   the   daily  maximum  and  minimum  soil    temperature  at 

the   given   deptli   for    the   week.      The   normals   for   sod  and   hare   soil    were   computed   from   approximately  14    years   of  data. 
'Hissing  data   account    instrument    failure   and  unable    to   replace   because   of  budget    restriction. 
'These   readings   were    from    "Palmer"   dial    soil    thermometers   because   instrument    ordinarily   used   failed  and   not    replaced. 


Week 
•k   ending 
lo'      1986' 

Relative 

htimiditij^ 

A vg          Norm 

Win(^ 

Evaporation^ 
Week        Norm 

Solar 

radiation^ 

Week        Norm 

Livestock 
danger  ^ 

Growing   degree   da 

Wer 

Avg 

Norm 

Windij 
day 

Norm 

iys8 

n 

Week 

Norm 

Week 

Norm 

Culm 

Norm 

<-   -(%)    -  -> 

< 

(mph) 

> 

< (in) > 

(langleys) 

<-   -(h 

r)-   -> 

<-   - 

(CD. 

.D.)    -   - 

■    -   -> 

1 

Jan     6 

60.93 

71.26 

3.35 

3.25 

6.58 

6.00 

AM 

NA 

1422 

874 

0 

0 

0 

2 

0 

2 

2 

13 

62.50 

66.54 

2.83 

3.36 

5.86 

6.76 

NA 

NA 

1638 

1066 

0 

0 

4 

3 

4 

5 

3 

20 

73.64 

71.47 

2.69 

3.11 

3.79 

5.69 

AM 

NA 

954 

1031 

0 

0 

16 

8 

20 

13 

4 

27 

63.93 

70.41 

4.16 

3.38 

9.08 

6.62 

NA 

NA 

1116 

1112 

0 

0 

19 

8 

39 

21 

5 

Feb      3 

68.64 

68.65 

2.30 

3.26 

3.88 

6.29 

NA 

NA 

873 

1320 

0 

0 

23 

9 

62 

30 

6 

10 

85.43 

68.27 

3.10 

2.86 

4.57 

5.06 

NA 

NA 

783 

1345 

0 

0 

21 

6 

83 

36 

7 

17 

72.50 

65.69 

3.15 

3.12 

5.88 

6.50 

NA 

SA 

1539 

1474 

0 

0 

13 

9 

95 

45 

6 

24 

77.29 

68.45 

3.27 

3.42 

6.25 

6.21 

NA 

NA 

1323 

1417 

0 

0 

41 

22 

136 

67 

9 

Mar      3 

61.64 

64.68 

3.37 

3.35 

4.88 

5.96 

NA 

NA 

2052 

1761 

0 

0 

24 

23 

159 

89 

10 

10 

61.29 

65.69 

4.58 

3.54 

6.88 

6.30 

0.85 

0.65 

2196 

1750 

0 

0 

35 

30 

194 

120 

11 

17 

69.71 

64.96 

2.52 

3.18 

3.67 

5.81 

0.89 

0.68 

2187 

1969 

0 

0 

52 

33 

246 

153 

12 

24 

62.36 

65.56 

3.55 

3.46 

6.42 

6.12 

0.82 

0.70 

2259 

1949 

0 

0 

40 

36 

285 

188 

13 

31 

51.71 

63.84 

2.38 

3.35 

3.83 

5.89 

1.40 

0.85 

2340 

2193 

0 

0 

91 

51 

376 

239 

14 

Apr      7 

62.64 

60.76 

2.34 

3.20 

2.83 

5.76 

1.13 

0.92 

2439 

2488 

0 

0 

126 

61 

502 

300 

15 

14 

61.36 

63.54 

2.98 

2.95 

6.17 

5.21 

1.52 

0.98 

3402 

2541 

0 

0 

89 

68 

591 

368 

16 

21 

72.79 

65.41 

3.17 

2.78 

6.54 

4.48 

0.96 

1.09 

2394 

2451 

0 

0 

54 

86 

644 

454 

17 

28 

50.57 

63.83 

2.77 

2.61 

5.33 

4.41 

1.44 

1.12 

3627 

2794 

0 

0 

105 

85 

749 

539 

18 

May      5 

51.64 

66.38 

2.33 

2.25 

3.25 

3.64 

1.67 

1.10 

3699 

2713 

0 

0 

113 

87 

861 

626 

19 

12 

67.71 

66.71 

1.52 

2.27 

3.58 

3.60 

1.38 

1.21 

2880 

2885 

0 

0 

161 

101 

1022 

726 

20 

19 

73.79 

67.48 

2.26 

1.94 

3.13 

3.12 

1.09 

1.19 

2547 

3089 

0 

0 

136 

112 

1157 

838 

21 

26 

70.86 

67.23 

1.35 

1.85 

2.71 

2.89 

0.94 

1.24 

2295 

3049 

0 

3 

102 

124 

1259 

963 

22 

Jun     2 

71.29 

68.30 

0.89 

1.76 

1.38 

2.71 

1.23 

1.29 

2619 

3078 

0 

4 

152 

133 

1411 

1095 

23 

9 

76.93 

69.85 

1.08 

1.86 

2.04 

2.94 

0.88 

1.38 

2349 

3079 

1 

11 

177 

148 

1588 

1244 

24 

16 

72.36 

68.62 

1.94 

1.90 

4.00 

2.96 

1.56 

1.48 

3195 

3296 

0 

11 

171 

155 

1759 

1398 

25 

23 

66.21 

68.34 

0.99 

1.79 

1.54 

2.63 

1.72 

1.46 

3627 

3259 

11 

15 

169 

154 

1927 

1553 

26 

30 

68.29 

68.22 

1.35 

1.77 

1.83 

2.63 

1.77 

1.54 

2736 

3275 

21 

18 

182 

162 

2109 

1715 

27 

Jul      7 

68.43 

69.55 

1.68 

1.61 

3.29 

2.24 

1.88 

1.46 

3420 

3139 

17 

24 

186 

166 

2295 

1881 

28 

14 

69.79 

69.41 

2.18 

1.60 

3.02 

2.15 

2.04 

1.54 

2826 

3256 

34 

42 

200 

175 

2495 

2056 

29 

21 

70.21 

68.61 

1.36 

1.50 

2.07 

2.23 

2.01 

1.57 

3258 

3301 

54 

36 

197 

175 

2692 

2231 

30 

28 

69.43 

69.74 

1.35 

1.56 

2.11 

2.24 

1.81 

1.41 

3096 

3129 

30 

23 

191 

168 

2883 

2399 

31 

Aug     4 

66.21 

74.15 

1.57 

1.64 

2.20 

2.33 

1.71 

1.46 

3240 

2916 

12 

16 

181 

163 

3064 

2562 

32 

11 

69.21 

69.68 

1.82 

1.68 

2.38 

2.37 

1.58 

1.44 

2070 

2926 

0 

24 

172 

167 

3236 

2729 

33 

18 

69.86 

68.85 

1.17 

1.58 

1.58 

2.23 

1.49 

1.34 

3249 

2873 

0 

16 

171 

164 

3406 

2893 

34 

25 

68.43 

67.27 

1.24 

1.61 

1.66 

2.36 

1.51 

1.34 

2655 

2869 

2 

11 

177 

161 

3583 

3054 

35 

Sep      1 

66.29 

68.81 

1.33 

1.54 

2.57 

2.35 

1.25 

1.22 

2547 

2587 

6 

16 

134 

157 

3716 

3211 

36 

8 

66.57 

67.47 

1.38 

1.53 

2.74 

2.32 

1.08 

1.13 

2439 

2504 

0 

10 

147 

151 

3863 

3362 

37 

15 

63.07 

67.97 

1.91 

1.80 

4.18 

3.06 

1.36 

1.07 

2907 

2386 

0 

3 

149 

136 

4012 

3498 

38 

22 

74.93 

67.94 

1.21 

1.71 

1.54 

2.81 

0.78 

0.98 

1818 

2195 

1 

3 

164 

128 

4176 

3625 

39 

29 

71.79 

67.18 

2.02 

1.84 

2.55 

3.01 

1.26 

0.98 

2448 

2083 

0  • 

0 

200 

108 

4375 

3733 

40 

Oct      6 

76.00 

64.72 

2.32 

1.78 

3.39 

2.89 

0.87 

0.84 

1647 

2146 

0 

0 

158 

97 

4533 

3830 

41 

13 

71.93 

65.68 

1.46 

1.82 

2.62 

2.95 

0.56 

0.76 

1503 

1781 

0 

0 

74 

95 

4606 

3925 

42 

20 

66.71 

66.30 

1.04 

1.98 

2.13 

3.36 

0.60 

0.72 

2052 

1693 

0 

0 

61 

79 

4667 

4005 

43 

27 

83.21 

66.74 

1.43 

1.97 

2.69 

3.29 

0.36 

0.68 

1035 

1447 

0 

0 

68 

63 

4735 

4067 

44 

Nov      3 

67.29 

67.09 

1.29 

2.09 

2.36 

3.49 

0.60 

0.54 

1926 

1355 

0 

0 

73 

64 

-1807 

4131 

45 

10 

82.00 

66.35 

1.83 

2.39 

3.00 

4.47 

0.38 

0.51 

1260 

1327 

0 

0 

43 

41 

■1850 

4171 

46 

17 

77.93 

65.65 

2.11 

2.67 

6.38 

4.91 

0.13 

0.50 

756 

1054 

0 

0 

0 

31 

4850 

4202 

47 

24 

68.86 

69.58 

2.80 

2.65 

4.04 

4.78 

0.39 

0.37 

972 

866 

0 

0 

15 

25 

4865 

4227 

48 

Dec      1 

85.71 

70.63 

1.73 

3.16 

3.42 

6.05 

0.19 

NA 

504 

844 

0 

0 

10 

15 

4875 

4242 

49 

a 

62.93 

68.96 

2.16 

2.98 

4.96 

5.57 

NA 

NA 

1035 

966 

0 

0 

4 

14 

48  79 

4256 

50 

15 

73.29 

72.48 

2.32 

2.95 

4.67 

5.03 

NA 

NA 

1143 

893 

0 

0 

4 

12 

4882 

4269 

51 

22 

71.21 

71.41 

1.14 

3.13 

3.71 

6.01 

NA 

NA 

1143 

881 

0 

0 

6 

7 

4888 

4276 

52 

29 

84.79 

73.14 

1.99 

2.78 

3.96 

5.49 

NA 

NA 

711 

791 

0 

0 

0 

9 

4888 

4285 

Average 

69.15 

67.80 

2.12 

2.41 

3.75 

4.16 

1.18 

1.07 

2118 

2105 

3.63 

5.51 

94.00 

82.40 

The   week   number   of   calendar    year   1986. 

The   date    that    the   week   in    column   1    ends.      The   week   ends   on   Monday   at    4:00  p.m.    Central    time. 

Percent    of  saturation .      Avg   =   tlio  average   of   tlie   daily     maximum  and   minimum   readings      for      the   week.      The   normal    was   computed 

from  19  and  20   years   of  data. 

Converted   to  miles   per  hour   from   daily   cumulative    totals.      Wind  normals   for    the   warmer  portion   of   the    year      (weeks   14    through 

43)    were   computed   from  21    to   26    years   of   data.      Until   14    years   ago,    wind   data    were   not    collected     daring    the   colder   months   as 

they  were    taken   only   in   conjunction   with    the   collection   of  evaporation    data.      Thus,    depending   on    the   temperatures   prevailing , 

normal    for   weeks   1    through   13   and   44    through   52  were      computed     from  13   to   17   years      of     data.      Avg   =  the   average   rate   of   air 

movement    for    the   week   without    regard   to   direction .      Windy   day   =   the   average   rate   for    the   day   with    the   greatest   air  movement. 

''Measured  in  inches  per  week.  The  amount  of  water  lost  from  a  standard  48-inch  diameter  monel  evaporation  pan.  Normals  were 
computed  from  21  to  26  years  of  data  for  weeks  14  through  43,  from  9  to  18  years  of  data  for  weeks  10  through  13,  and  44 
through  47.  Note  that  some  of  the  weeks  during  early  spring  or  late  fall  may  have  higher  normals  than  periods  during  warmer 
weather .  This  occurs  because  evaporation  data  cannot  be  safely  collected  during  years  of  hard  freeze  conditions  without 
possible  damage  to  equipment .  Years  when  the  seasons  warm  up  early  or  cool  off  late,  data  is  collected — but  only  during  tlie 
better  evaporating  conditions.  However,  once  the  evaporation  system  is  set  up,  it  is  kept  operational  even  though  moderate 
freezes   do   occur,    thus   obtaining   a    reasonably   good   estimate   of  actual    evaporating   conditions . 

Solar  radiation  or  sunlight  measured  in  total  langleys  per  week.  A  langley  is  one  gram  calorie  of  radiant  energy,  that  is, 
the  amount  of  sunlight  shining  on  a  one  square  centimeter  surface  needed  to  raise  the  temperature  of  a  cubic  centimeter 
(1/1000  of  a  liter)  of  pure  water,  one  degree  centigrade  (Celcius) .  For  example,  if  a  cup  of  ice  water  was  insulated  and 
placed  outside  at  sunrise  during  a  typical  summer  day,  the  sunlight  absorbed  on  the  top  surface  of  the  cup  (about  45  square 
centimeter  surface)  would  cause  the  water  to  boil  before  sunset,  about  500  gram  calories  of  energy.  But  on  a  typical  winter 
day  only  slightly  more  than  100  gram  calories  would  be  absorbed — the  cup  of  ice  water  would  only  reach  room  temperature . 
Normals   computed   from  14    to   15    years   of  data. 

The  total  hours  per  week  that  the'  National  Weather  Service  Livestock  safety  index  indicates  danger  ("expect  a  25  percent  or 
greater   increase   in   livestock   loss   during   transit" ) .      Normals   were   computed   from  14    years   of   data. 

° An  index  of  plant  growing  conditions .  A  growing  degree  day  value  (G.D.D.)  occurs  only  when  tlie  maximum  temperature  is  greater 
than  50'F.  The  number  of  G.D.D.  is  calculated  as  follows:  [(Daily  maximum^  +  daily  minimum^)  '■  2 ]  -  50  =  G.D.D.  If  the 
maximum  temperature  is  greater  than  8C°F,  enter  86.  If  the  minimum  temperature  is  less  tlian  50'F,  enter  50,  or  if  the 
minimum  temperature  is  greater  than  36'F,  enter  86.  The  maximum  number  of  G.D.D. 's  per  Jay  is  36  (the  G.D.D.  normals  were 
computed  from  19  years  of  data).  Week  =  tlie  sum  of  the  daily  growing  degree  days  for  the  week;  culm  =  the  sum  of  the  daily 
growing   degree   days   for    the   current    year. 
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•   DIXON  SPRINGS  AGRICULTURAL  CENTER  WEATHER,  1987^ 
Lester  E.  Arnold  and  Stephen  A.  Ebelhar^ 

The  Dixon  Springs  Agricultural  Center  (DSAC)  weather 
station  is  located  at  37°27'  latitude,  88°40'  longitude, 
Township  12  South,  Range  5  East,  Section  32  (Field  310)  . 
The  station  is  on  a  five  percent  slope  of  Grantsburg  silt 
loam  at  54  0  feet  above  mean  sea  level.  The  surface  slopes 
downward  to  the  northwest  and  is  located  near  the  watershed 
divide  between  Hayes  Creek  and  Sugar  Creek. 

Daily  weather  observations  were  made  using  monitoring 
equipment  meeting  the  specifications  of  the  National  Weather 
Service  (NWS) ,  National  Oceanic  and  Atmospheric 
Administration  (NOAA) ,  United  States  Department  of  Commerce. 
Weather  data  were  transferred  to  NWS  using  the  REMOTE 
OBESRVATION  SURFACE  AUTOMATION  (ROSA)  system,  a  nationwide 
computerized  telephone  response  system.  The  DSAC  weather 
station  was  part  of  the  NOAA  "severe"  weather  reporting 
network.  Direct  immediate  reports  of  tornadoes,  damaging 
winds,  heavy  rains,  hail,  ice  or  flash  flooding  were  made  as 
needed. 

As  of  April,  1984,  daily  weather  observations  are  being 
sent  immediately  via  telephone  to  a  computer  in  Champaign, 
Illinois  as  a  part  of  the  Climate  Assistance  Service 
(CLASS) ,  Illinois  Department  of  Energy  and  Natural  Resources 
(ENR) ,  State  Water  Survey  Division.  Information  sent  daily 
includes:  maximum,  minimum  and  observation  time  ambient  air 
temperatures;  precipitation  -  including  type,  time  of 
occurrence,  accumulation  and  total  accumulation  of  solid 
precipitation  on  ground  surface;  wind  flow;  maximum  and 
minimum  soil  temperature  under  both  sod  and  bare  soil 
surfaces;  maximum  and  minimum  relative  humidity;  ground 
surface  condition;  dew  or  frost  occurrence;  evaporation  - 
including  maximum  and  minimum  pan  water  temperature;  and 
weather  observations  throughout  the  day  and  at  observation 

-^Supported  in  part  by  Hatch  Weather  Station  project  M^gl^lgyKt  U&HARt 
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time  including  precipitation  type,  intensity,  cloud 
development  and  cover,  dust,  fog,  haze,  and  blowing  snow. 
This  information,  beginning  August  1,  1985,  is  being  sent 
via  "ROSA"  to  computer  in  Bismarck,  North  Dakota.  Starting 
in  July,  1984,  weather  observations  are  being  given  daily 
via  telephone  to  a  local  television  station,  WSIL  TV  Channel 
3,  Harrisburg,  Illinois,  for  on-the-air  broadcasting.  In 
July,  198  6  a  solar  powered  automatic  raingauge  was 
contributed  and  installed  by  NWS  to  further  add  to  the  list 
of  equipment  for  the  upgrading  of  the  weather  station. 

Monthly  written  summaries  of  most  of  the  above  daily 
data  sent  to  ROSA  are  sent  to  the  NOAA  Center  in  Asheville, 
North  Carolina,  for  compilation  and  publication,  evaporation 
and  wind  data  were  added  to  the  publication  list  in  July, 
1982. 

Summary  of  Results.  The  normal  (norm)  for  each 
parameter  was  calculated  and  presented  with  the  1987  weather 
data  (Tables  1,  2  and  3) . 

MAXIMUM  TEMPERATURE,   100°F  (37.8°C),  August  22  and  23. 

MINIMUM  TEMPERATURE, 8 °F  (-13.3°C),  January  24. 

THE  WARMEST  WEEK,  the  week  ending  August  5  with 
temperatures  averaging  82.9°F  (28.3°C).  The  28-year  normal 
for  hottest  week  was  78.0°F  (25.6°C)  ending  July  22. 

THE  COOLEST  WEEK,  the  week  ending  January  28  with 
temperatures  averaging  23.6°F  (-4.7°C).  The  coldest  week  of 
a  23  year  normal  was  26.9°F  (-2.8°C). 

GREATEST  AMOUNT  OF  PRECIPITATION,  2 4 -hour  period, 
ending  at  4:00  p.  December  25  with  2.4  0  inches. 

WEEK  WITH  GREATEST  AMOUNT  OF  PRECIPITATION,  ending 
December  30,  4.55  inches.  The  greatest  amount  of 
precipitation  normally  occurs  in  March. 

THE  WINDIEST  DAY,  December  15  with  wind  movement 
averaging  8.00  miles  per  hour. 

GREATEST  AMOUNT  OF  EVAPORATION,  2.06  inches  during  the 
week  ending  August  26.  The  normal  (2  6-year)  highest 
evaporation  week  (1.57  inches)  is  the  week  ending  July  22. 

MAXIMUM  SOLAR  RADIATION,  3888  langleys  for  the  week 
ending  June  10.  The  week  ending  July  22  had  the  highest 
solar  radiation  normal  (average  3325  langleys) . 


MINIMUM  SOLAR  RADIATION,  585  langleys  for  the  week 
ending  December  30.  Normal  low  averages  779  langleys  for  a 
week, 

GREATEST  AMOUNT  OF  GROWING  DEGREE  (°F)  DAYS,  202  G.D.D. 
occurred  during  the  week  ending  August  5 .  The  greatest 
normal  of  17  6  G.D.D.  occurred  during  the  week  ending  July 
15. 

GREATEST  LIVESTOCK  SHIPPING  DANGER,  68  hours  occurred 
during  the  week  ending  August  5.  The  normal  (41  hours) 
occurred  during  the  week  ending  July  15. 

THE  FIRST  LIGHT  FROST  occurred  October  3  with  air 
temperature  of  35°F  (1.7°C),  with  a  killing  frost  occurring 
October  4  with  temperature  reaching  27°F  (-2.8°C). 

SNOWFALL,  total  annual  snowfall  9.9  inches  (25.1  cm), 
normal  is  12.8  inches  (32.5  cm);  maximum  depth  was  2.9 
inches  (7.4  cm);  greatest  24-hour  accumulation  was  2.9 
inches  (7 . 4  cm) . 

The  annual  rainfall  for  1987  was  40.5  inches  compared 
to  the  50  year  norm  of  47.1  inches. 

Field  crop  planting  schedules  were  severly  hampered  by 
excessive  rainfall  in  mid  May  (week  ending  May  19  had  7.92 
inches)  with  a  monthly  total  of  10.75  inches,  more  than 
doubled  the  50  year  normal  of  4.99  inches. 

Significant  periods  of  below  normal  and  continued 
periods  of  no  rainfall  occurred  during  March,  April,  and 
May.  By  the  end  of  May  rainfall  was  8.65  inches  below 
normal  for  the  year.  Fortunately  June  and  July  were 
somewhat  above  normal  which  aided  crop  growth  and 
development.  However,  the  rainfall  deficit  continued  into 
the  fall. 
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TABLE  1.  PRECIPITATION  AND  SOIL  MOISTURE 


Soil  Moisture^ 

Week 

Bare 

Week  ending 
no  ^   1987^ 

Preclpitat 
Week  Month 

ion 
Norm 

Snowfal]  ■♦ 

SncMCO\"? 

r** 

Sod 

soil 

Week 

Norm 

Month 

Norm 

Week 

Norm  Month 

Norm 

1" 

2" 

4" 

.^11 

< 

_  _  _  _ 

,  _  _  _ 

(Inches)  

_ 

> 

< 

-  -  (Days) 

-  - 

-  - 

-  > 

<- 



(*)-  - 

> 

1   Jan  7 

0.04 

- 

0.0 

1.39 

0 

1.4 

23.7 

23.0 

27.0 

0 

2       14 

0.25 

- 

0.1 

1.33 

0 

2.4 

25.0 

23.1 

27.1 

0 

3       21 

0.36 

- 

0.4 

1.18 

1 

2.2 

23.7 

23.4 

27.7 

0 

4       28 

0.15 

- 

2.2 

1.00 

6 

1.8 

19.5^ 

20.1^ 

25.9 

0 

JAN  TOTAL 

7 

0.80 

3.51 

2.60 

5.28 

7 

8 

.75 

5   Feb  4 

0.44 

- 

0.0 

0.88 

0 

1.5 

31.8^ 
25.0* 

29.2 

29.4 

0 

6       11 

0.00 

- 

0.0 

0.89 

0 

1.8 

23.7 

27.2^ 

0 

7       18 

1.12 

- 

2.3 

1.10 

^ 

2.3 

30.8 

31.9 

29.3 

0 

8       25 

0.00 

- 

0.0 

0.88 

0 

0.9 

30.8 

26.0 

28.6 

0 

FEB  TOTAL 

3.81 

3.47 

2.25 

3.60 

2 

6 

.25 

9   Mar  4 

2.60 

- 

0.0 

0.53 

0 

0.6 

31.3 

34.0 

29.0 

0 

10       11 

0.00 

- 

0.0 

0.54 

0 

0.1 

20.6 

21.6 

26.6 

0 

11       18 

0.90 

- 

0.0 

0.23 

0 

0.4 

22.2 

22.7 

27.3 

0 

12       25 

0.19 

- 

0.0 

0.73 

0 

0.3 

21.3 

21.4 

25.7 

0 

MAR  TOTAL 

2.11 

4.96 

1.00 

1.82 

1 

1 

,00 

13   Apr   1 

0.67 

1.0 

0.05 

1 

0.1 

20.2 

22.1 

27.4 

0 

14        8 

0.39 

- 

0.0 

0.00 

0 

0.0 

19.8 

20.1 

26.4 

0 

15       15 

2.53 

- 

0.0 

0.23 

0 

0.1 

20.2 

20.5 

25.8 

0 

16       22 

0.06 

- 

0.0 

0.00 

0 

0.0 

22.9 

22.7 

26.9 

0 

17       29 

0.11 

- 

0.0 

0.00 

0 

0.0 

18.1 

18.1 

23.0 

0 

APR  TOTAL 

3.09 

4.63 

0.00 

0.23 

0 

0 

.05 

18   May  6 

0.58 

- 

0.0 

0.00 

0 

0.0 

19.1 

19.4 

22.1 

0 

19       13 

0.75 

- 

0.0 

0.00 

0 

0.0 

15.9 

13.7 

17.8 

0 

20      20 

0.16 

- 

0.0 

0.00 

0 

0.0 

16.0 

14.6 

17.4 

0 

21       27 

0.93 

- 

0.0 

0.00 

0 

0.0 

17.9 

18.4 

16.6 

0 

MAY  'IWAL 

3.05 

4.95 

0.00 

0.00 

0 

0 

.00 

22   Jun  3 

2.60 

- 

0.0 

0.00 

0 

0.0 

20.0 

20.8 

16.6 

0 

23       10 

0.00 

- 

0.0 

0.00 

0 

0.0 

17.0 

16.0 

20.1 

0 

24       17 

1.35 

- 

0.0 

0.00 

0 

0.0 

20.2 

21.0 

23.0 

0 

25       24 

0.58 

- 

0.0 

0.00 

0 

0.0 

19.0 

19.4 

21.7 

0 

JUN  TOTAL 

5.62 

3.91 

0.00 

0.00 

0 

0 

.00 

26   Jul   1 

3.59 

- 

0.0 

0.00 

0 

0.0 

21.7 

21.2 

26.5 

0 

27        8 

1.51 

- 

0.0 

0.00 

0 

0.0 

30.8 

24.8 

29.7 

0 

28       15 

0.03 

- 

0.0 

0.00 

0 

0.0 

16.7 

19.0 

23.2 

0 

29       22 

0.00 

- 

0.0 

0.00 

0 

0.0 

16.9 

16.0 

18.9 

0 

30       29 

0.96 

- 

0.0 

0.00 

0 

0.0 

16.5 

15.7 

16.0 

0 

JUL  TOTAL 

4.43 

3.88 

0.00 

0.00 

0 

0 

.00 

31   Aug  5 

1.68 

- 

0.0 

0.00 

0 

0.0 

20.0 

21.2 

18.3 

0 

32       12 

0.02 

- 

0.0 

0.00 

0 

0.0 

16.2 

14.7 

16.3 

0 

33       19 

0.00 

- 

0.0 

0.00 

0 

0.0 

15.3 

12.2 

13.9 

0 

34       26 

0.00 

- 

0.0 

0.00 

0 

0.0 

14.1 

13.7 

11.8 

0 

AUG  TOTAL 

2.65 

3.84 

0.00 

0.00 

0 

0. 

,00 

35   Sep  2 

1.03 

- 

0.0 

0.00 

0 

0.1 

15.0 

13.0 

12.2 

0 

36        9 

0.03 

- 

0.0 

0.00 

0 

0.0 

13.5 

10.6 

10.5 

0 

37       16 

O.U 

- 

0.0 

0.00 

0 

0.0 

12.4 

10.0 

10.5 

0 

38       23 

1.02 

- 

0.0 

0.00 

0 

0.0 

15.9 

14.1 

12.6 

0 

39       30 

0.53 

- 

0.0 

0.00 

0 

0.0 

14.2 

11.3 

11.8 

0 

SEP  TOTAL 

1.69 

3.05 

0.00 

0.00 

0 

0. 

05 

40   Oct  7 

0.00 

- 

0.0 

0.00 

0 

0.0 

15.9 

12.7 

12.6 

0 

41       14 

0.48 

- 

0.0 

0.00 

0 

0.0 

17.7 

17.8 

12.2 

0 

42       21 

0.21 

- 

0.0 

0.00 

0 

0.0 

16.6 

15.1 

12.9 

0 

43       28 

0.57 

- 

0.0 

0.00 

0 

0.0 

17.5 

23.3 

13.1 

0 

OCT  TOTAL 

1.26 

2.68 

0.00 

0.00 

0 

0. 

00 

44   Nov  4 

0.00 

- 

0.0 

0.00 

0 

0.0 

18.0 

18.1 

16. G 

0 

45       11 

0.38 

- 

0.0 

0.00 

0 

0.0 

18.0 

17.3 

16.6 

0 

45       18 

0.72 

- 

0.0 

0.00 

0 

0.0 

18.6 

18.7 

17.4 

0 

47       25 

1.03 

- 

0.0 

0.14 

0 

0.1 

20.6 

20.1 

24.1 

0 

NOV  TOTAL 

4.20 

4.07 

0.00 

0.15 

0 

0. 

14 

48   Dec  2 

2.07 

- 

0.0 

0.10 

0 

0.1 

22.2 

2i.l 

31.3 

0 

49        9 

0.43 

- 

0.0 

0.46 

0 

0.2 

27.2 

22.8 

31.3 

0 

50       16 

2.12 

- 

4.0 

0.35 

2 

0.3 

30.8 

23.3 

32.1 

0 

51       23 

0.47 

- 

0.0 

0.36 

0 

0.3 

31.3 

30.8 

31.3 

0 

52       30 

4.55 

- 

0.0 

0.35 

0 

0.6 

30.8 

31.9 

30.7 

0 

DEC  TOTAL 

7.80 

4.09 

4.00 

1.69 

2 

2. 

19 

Average   0.77 
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10 


20.7 


20.0   21.8   0.00 


The  weeic  number  of  calendar  year  1987. 

Tne  date  that  the  week  in  column  1  ends. 

Weekly  amount  representing  all  precipitation  in  terais  of  inches  of  rainfall  regardless  of  form  (rainfall,  sncw,  etc.). 

Ten  inches  of  sncw  equal  approximately  one  inch  of  rainfall.  The  normal  was  computed  from  50  years  of  data. 

Normals  vrere  computed  fran  20  years  of  data. 

Grantsburg  silt  loam.  Meeisured  with  Coleman  fiberglas  moisture  units  at  the  end  of  each  week.  The  value  represents 

the  water  in  the  soil  which  could  be  renoved  by  oven  drying  at  105 *C.  In  this  soil,  wilting  point  ranges  from  7  to  11 

percent  and  field  capacity  from  25  to  30  percent  moisture.  Taken  under  sod  at  one,  two  and  four  inches  (see  Reference 

2).  Bare  soil  at  two  inches  not  available  account  unit  failure. 
^Soil  frozen. 
^Monthly  total. 
^Total  rainfall  for  1987  was  40.51  inches;  50-year  annual  average  is  47.05  Inches. 


10 


Average  aniiual  snowfall  for  20  years  is  12.76  Inches. 
Average  days  per  year  of  snow-cover  is  18.43. 


TABLE  2.   WEEKLY  AIR  AND  SOIL  TE>5PERATL-KE 


Week 

ending 
1987"^ 

Air  temperature' 

Soil  teirperature 

Under  sod 

Bare  soil 

1" 

2" 

4" 

1" 

2" 

4 

" 

Week 

Avg 

Max^  Norm 

Avg  ^  Norm 

Avg' 

'  Norm 

Avg 

Max   Norm 

Avg   Norm 

Avg^ 

no' 

[^x 

Min 

Avg 

Norm 

Norm 

^^~—^- 

{ '^7^ 

* 

~~~~~~~" 

"~~  '"■*'  ""** 

\   >!  I 

1 

Jan 

7 

57 

20 

36.8 

32.1 

36.9 

32.3 

40.9 

36.6 

38.1 

34.5 

40.1 

35.6 

2 

14 

62 

24 

39.1 

26.9 

35.0 

33.8 

41.8 

35.1 

34.2 

31.7 

41.2 

33 .4 

3 

21 

50 

12 

35.1 

33.0 

36.6 

33.1 

43.6 

34.6 

33.8 

31.3 

41.7 

33.2 

4 

28 

47 

8 

23.6 

32.8 

37.2 

34.9 

38.6 

35.3 

36.3 

33.5 

35.7 

34.3 

5 

Feb 

4 

65 

21 

43.6 

33.0 

37.6 

35.0 

40.0 

38.1 

34.5 

32.5 

37.2 

37.0 

6 

11 

58 

17 

41.8 

33.9 

34.9 

33.1 

42.9 

37.7 

34.7 

32.1 

43.3 

38.4 

7 

18 

63 

25 

39.6 

35.3 

37.5 

35.5 

44.6 

39.7 

36.9 

35.0 

44.7 

40.7 

8 

25 

60 

23 

38.4 

42.0 

43.8 

40.0 

43.5 

43.8 

45.4 

41.4 

43.6 

45.9 

9 

Mar 

4 

60 

27 

47.4 

43.3 

46.6 

42.0 

47.6 

45.5 

43.3 

43.7 

49.1 

47.7 

10 

11 

73 

21 

49.4 

44.7 

49.6 

44.2 

51.1 

48.1 

53.2 

44.2 

51.6 

49.2 

i: 

18 

69 

19 

49.9 

46.5 

51.9 

46.4 

50.7 

50.5 

59.4 

48.2 

51.4 

53.6 

12 

25 

80 

34 

57.6 

48.3 

53.9 

48.2 

57.6 

52.5 

61.5 

49.7 

58.7 

55.0 

13 

Apr 

1 

73 

28 

47.9 

50.8 

58.3 

52.4 

55.4 

55.8 

63.0 

53.3 

54.6 

53.7 

14 

8 

72 

22 

45.9 

53.6 

60.5 

53.9 

50.6 

57.9 

68.0 

55.5 

50.4 

60.5 

15 

15 

77 

37 

58.3 

55.2 

61.2 

56.0 

58.3 

60.0 

64.8 

55.7 

60.4 

61.9 

16 

22 

89 

44 

64.6 

60.6 

65.8 

58.7 

64.9 

63.5 

73.1 

59.8 

67.2 

65.7 

17 

29 

85 

40 

59.6 

58.9 

67.1 

61.0 

66.1 

66.3 

71.6 

60.1 

64.6 

67.4 

18 

May 

6 

85 

47 

65.3 

61.7 

69.9 

63.7 

68.5 

60.4 

74.2 

62.3 

69.1 

69.3 

19 

13 

85 

44 

67.0 

64.0 

72.9 

65.3 

71.6 

70.4 

79.4 

65.1 

74.6 

73.3 

20 

20 

91 

56 

74.6 

66.3 

75.0 

67.8 

77.6 

73.0 

85.1 

68.7 

80.2 

77.1 

2i 

27 

91 

60 

75.9 

68.2 

79.3 

71.0 

80.3 

75.6 

87.4 

70.9 

84.1 

79.9 

22 

jun 

3 

90 

63 

75.8 

69.9 

80.7 

73.8 

81.1 

78.4 

90.2 

74.2 

82.7 

32.4 

23 

10 

91 

51 

71.2 

72.5 

83.0 

75.6 

80.0 

80.4 

91.0 

75.6 

79.7 

84.4 

24 

17 

94 

65 

79.5 

73.3 

85.0 

77.1 

84.3 

82.0 

94.8 

78.1 

85.8 

87.2 

25 

24 

91 

69 

79.3 

73.8 

85.6 

77.3 

84.9 

63.0 

95.7 

79.0 

67.3 

87.6 

26 

Jul 

1 

90 

52 

74.6 

73.8 

87.1 

79.3 

81.4 

84.2 

97.5 

80.7 

31.8 

59.2 

27 

8 

91 

61 

76.8 

76.2 

88.5 

79.7 

81.4 

65.0 

97.5 

62.0 

62.4 

90.0 

28 

15 

91 

55 

77.1 

77.6 

89.1 

80.3 

83.1 

66.6 

100.2 

84.3 

3o.3 

92  8 

29 

22 

94 

62 

78.5 

78.0 

89.6 

61.7 

S3.1 

86.9 

103.8 

86.8 

67.3 

95.0 

30 

29 

95 

66 

79.9 

76.9 

88.0 

80.3 

85.5 

86.4 

102.2 

65.6 

80.9 

94.0 

31 

Aug 

5 

98 

68 

82.9 

76.2 

85.3 

78.9 

86.4 

64.9 

101.8 

84.9 

89.3 

92.4 

32 

12 

93 

62 

77.6 

76.2 

85.8 

79.5 

83.6 

84.8 

102.0 

85.0 

87.4 

92.5 

33 

19 

93 

63 

81.0 

75.5 

85.5 

79.0 

83.4 

84.4 

101.3 

83.9 

90.5 

92.1 

34 

26 

100 

61 

80.4 

75.0 

85.5 

79.6 

83.2 

84.3 

101.8 

84.6 

89.6 

90.  C( 

35 

Sep 

2 

92 

46 

69.8 

74.3 

84.3 

78.3 

77.4 

83.2 

97.7 

82.1 

81.1 

89.7 

36 

9 

92 

54 

74.6 

73.4 

82.3 

76.4 

77.2 

81.5 

96.4 

80.9 

62.8 

88. 2 

37 

16 

92 

56 

75. G 

71.0 

78.8 

73.6 

77.6 

79.1 

91.4 

77.0 

83.2 

84.6 

38 

23 

86 

47 

66.4 

67.9 

75.9 

71.1 

73.4 

77.4 

87.2 

72.9 

75.5 

81.0 

39 

30 

87 

44 

67.4 

64.6 

73.6 

68.4 

71.0 

73.9 

83.1 

69.1 

75.1 

75.5 

40 

Oct 

7 

75 

27 

55.8 

61.2 

70.6 

65.6 

64.6 

72.6 

79.5 

65.4 

64.3 

71.5 

41 

14 

71 

26 

49.9 

60.9 

68.8 

63.0 

59.3 

68.9 

76.2 

63.3 

57.6 

70.6 

42 

21 

75 

29 

54.2 

58.2 

66.1 

61.5 

60.3 

66.6 

73.9 

61.5 

59.4 

67.2 

43 

28 

69 

24 

53.9 

54.5 

61.7 

56.5 

58.2 

62.6 

66.5 

54.8 

57.2 

62.8 

44 

Nov 

4 

82 

36 

64.1 

54.7 

61.0 

56.7 

61.2 

62.1 

66.7 

55.9 

63.1 

62.5 

45 

11 

80 

27 

52.2 

49.7 

56.3 

53.6 

58.1 

58.7 

61.5 

52.0 

57.4 

58.3 

46 

18 

72 

25 

52.5 

47.0 

53.1 

50.0 

53.7 

54.7 

57.1 

47.9 

52.6 

53.9 

47 

25 

63 

18 

47.9 

46.0 

51.3 

48.6 

51.3 

52.7 

53.0 

45.8 

49.3 

51.0 

48 

Dec 

2 

59 

29 

43.6 

41.0 

47.0 

44.2 

54.1 

49.6 

47.6 

41.6 

50.8 

48.8 

49 

9 

61 

18 

45.  G 

40.0 

44.4 

41.1 

47.9 

45.3 

47.8 

41.5 

47.0 

46.0 

50 

16 

60 

23 

40.8 

38.3 

41.8 

39.1 

47.6 

44.3 

43.2 

38.5 

44.4 

45.0 

51 

23 

57 

17 

36.8 

36.1 

38.9 

37.2 

42.8 

41.8 

40.9 

35.1 

40.6 

41.1 

52 

30 

Average 

56 

77.6 

23 
38.4 

40.6 

35.9 

37.7 

35.8 

45.6 

40.5 

37.6 

33.8 

44.8 

39.7 

59.0 

56.6 

63.9 

58.7 

63.4 

63.4 

70.6 

59.5 

64.3 

65.9 

^The  week  number  of  calendar  year  1987. 

^Tne  date  that  the  veck  in  column  1  ends.  Tne  week  ends  at  4:00  p.m.  Central  time. 

^Average  of  daily  inaximum  and  minimum  temperatures  for  the  neek,  and  the  normal  that  vas   computed  from  22  to  23  years  of  data 

depending  upon  the  data  available  for  a  given  week. 
** Degrees  Fahre.nheit  in  Grantsburg  silt  ioam  under  sod  and  under  a  bare  soil  surface. 


Avg  ma;-:  =  the  average  of  daily  maximum 
soil  temperatures  at  the  one-inch  depth  for  the  week.  Avg  =  the  average  of  the  daily  maximijjn  and  minimum  soil  temperature  at 
the  given  depth  for  the  week.   The  nonnals  for  sod  and  'oare  soil  were  computed  from  11  to  15  years  of  data. 

^Missing  data  acco\:int  instrument  failure  and  unable  to  replace  'oecause  of  budget  restriction. 

^Tiiese  readings  were  from  "Palmer"  dial  soil  thermometers  because  instrument  ordinarily  used  failed  and  not  replaced. 


TABLE  3.   RELATIVE  HUMIDITV,  WIND,  EVAPORATION,  SOLAR  RADIATION,  LIVESTOCK  DANGER  AND  GROWING  DEGREE  DAYS 


W^ek 
:  ending 
1  1987  2 

Relative 
humidity  ^ 
Avg   Nonii 

Ivina 

E^'anoration  * 
Week   Norm 

Solar 
radiation  ^ 
Week   Norm 

Li\'estock 

danger  ' 

Week   Norm 

Grcwjng  degree  da 

Week 

Avg 

Norm 

Windy 
day 

Norm 

,;^;  8 

no 

Week 

Norm 

Culm 

Norm 

<-  -w-  -> 

< 

(mph)-  -  - 

> 

<-  -(in 

)-  -> 

(iangieys) 

<-  -(hr) 

-  -> 

<-  - 

-  -(G.D, 

•D.)  -  - 

-  -> 

1 

Jan 

7 

70.0 

71.2 

2.4 

3.2 

4.8 

5.9 

1026 

884 

0 

0 

8 

3 

8 

3 

2 

14 

73.6 

66.9 

2.9 

3.3 

6.1 

6.7 

648 

1038 

0 

0 

13 

4 

20 

6 

3 

21 

76.8 

71.7 

2.6 

3.1 

4.8 

5.6 

747 

1012 

0 

0 

0 

8 

20 

14 

4 

28 

64.1 

68.3 

3.0 

3.4 

4.6 

6.5 

1134 

1113 

0 

0 

0 

7 

20 

21 

5 

Feb 

4 

67.7 

68.6 

2.8 

3.2 

5.1 

6.2 

1242 

1315 

0 

0 

16 

9 

36 

30 

6 

11 

51.9 

67.5 

2.7 

2.9 

5.9 

5.1 

1692 

1368 

0 

0 

16 

6 

52 

36 

7 

18 

80.6 

66.4 

2.6 

3.1 

3.7 

6.3 

1026 

1444 

0 

0 

17 

9 

63 

46 

e 

25 

73.7 

68.7 

0.9 

3.3 

1.3 

5.9 

1359 

1413 

0 

0 

6 

21 

74 

67 

9 

Mar 

4 

71.6 

65.0 

2.9 

3.3 

7.6 

6.1 

1404 

1738 

0 

0 

25 

23 

99 

90 

:o 

11 

53.7 

65.1 

2.4 

3.5 

5.0 

6.2 

0.8 

0.7 

2043 

1770 

0 

0 

50 

31 

149 

121 

11 

18 

63.5 

64.9 

2.8 

3.2 

4.3 

5.7 

0.8 

0.7 

2088 

1977 

0 

0 

42 

34 

191 

155 

12 

25 

58.2 

65.2 

2.4 

3.4 

4.8 

6.1 

1.0 

0.7 

2016 

1953 

0 

0 

73 

37 

263 

192 

13 

Apr 

1 

66.6 

64.0 

3.1 

3.3 

6.0 

5.9 

0.8 

0.8 

2538 

2216 

0 

0 

46 

50 

309 

242 

14 

8 

59.2 

60.7 

3.4 

3.2 

6.3 

5.6 

0.9 

0.9 

2772 

2507 

0  ■ 

0 

32 

60 

340 

302 

15 

15 

55.4 

63.1 

2.5 

2.9 

3.8 

5.1 

1.1 

1.0 

2313 

2525 

0 

0 

78 

69 

418 

371 

16 

22 

67.6 

65.5 

1.7 

2.7 

3.5 

4.4 

1.2 

1.1 

2943 

2484 

0 

0 

105 

87 

523 

458 

17 

29 

60.9 

63.7 

2.1 

2.6 

3.7 

4.4 

1.3 

1.1 

3411 

2835 

0 

0 

89 

85 

612 

542 

18 

^5ay 

G 

62.9 

6C.2 

1.4 

2.2 

2.4 

3.6 

1.2 

1.1 

2790 

2718 

0 

0 

110 

88 

722 

631 

19 

13 

65.1 

66.6 

1.1 

2.2 

1.6 

3.5 

1.6 

1.2 

3429 

2921 

0 

0 

127 

102 

849 

733 

20 

20 

72.6 

67.7 

1.1 

1.9 

1.4 

3.1 

1.4 

1.2 

3114 

3090 

15 

1 

168 

115 

1016 

847 

21 

27 

72.9 

67.5 

1.5 

1.8 

2.0 

2.9 

1.7 

1.3 

3276 

3063 

4 

3 

175 

127 

1191 

974 

22 

Jun 

3 

74.8 

68.6 

1.5 

1.7 

2.3 

2.7 

1.5 

1.3 

3267 

3090 

5 

4 

176 

135 

1367 

1109 

23 

10 

65.7 

69.6 

1.3 

1.8 

1.8 

2.9 

1.8 

1.4 

3888 

3130 

3 

10 

141 

148 

1508 

1257 

24 

17 

71.8 

68.8 

1.2 

1.9 

1.7 

2.9 

1.5 

1.5 

3195 

3290 

35 

13 

190 

157 

1696 

1413 

25 

24 

77.7 

68.8 

1.2 

1.8 

2.2 

2.6 

1.5 

1.5 

3159 

3252 

42 

17 

197 

156 

1894 

1570 

2C 

Jul 

1 

71.7 

68.4 

1.5 

1.0 

2.1 

2.6 

1.7 

1.6 

3235 

3275 

9 

18 

167 

162 

2061 

1732 

27 

8 

73.1 

69.7 

1.4 

1.6 

2.4 

2.2 

1.3 

1.5 

2844 

3121 

21 

24 

160 

167 

2241 

1809 

26 

15 

75.3 

69.7 

1.7 

1.6 

2.3 

2.2 

1.5 

1.5 

3501 

3271 

31 

41 

183 

176 

2423 

2075 

29 

22 

67.1 

68.5 

0.9 

1.5 

1.3 

2.2 

1.7 

1.6 

3681 

3325 

35 

36 

180 

175 

2603 

2250 

30 

29 

73.6 

69.9 

0.9 

1.5 

1.3 

2.2 

1.5 

1.4 

3240 

3136 

44 

25 

191 

169 

2794 

2419 

31 

Aug 

5 

70.8 

74.0 

1.0 

1.6 

1.8 

2.3 

1.7 

1.5 

3078 

2926 

68 

20 

202 

165 

2996 

2584 

32 

12 

68.4 

69.6 

1.0 

1.7 

1.8 

2.3 

1.7 

1.4 

3483 

2960 

19 

24 

181 

160 

3176 

2751 

33 

19 

66.6 

68.8 

1.5 

1.6 

2.0 

2.2 

1.8 

1.4 

2934 

2877 

42 

18 

196 

166 

3372 

2917 

34 

26 

57.6 

66.8 

1.9 

1.6 

3.3 

2.4 

2.1 

1.4 

3168 

2807 

30 

12 

182 

162 

3554 

3079 

35 

Sep 

2 

64.6  . 

68.6 

1.5 

1.5 

2.4 

2.4 

1.5 

1.2 

2934 

2609 

3 

15 

138 

156 

3692 

3235 

36 

9 

61.9 

67.2 

1.1 

1.5 

1.6 

2.3 

1.4 

1.1 

2790 

2522 

0 

9 

159 

151 

3051 

3386 

37 

16 

58.7 

67.5 

1.3 

1.8 

2.1 

3.0 

1.3 

1.1 

2214 

2375 

0 

3 

170 

137 

4020 

3524 

38 

23 

63.0 

67.7 

2.2 

1.7 

3.6 

2.8 

1.3 

1.0 

2493 

2213 

0 

3 

118 

127 

4138 

3G51 

39 

30 

60.6 

66.8 

1.5 

1.8 

3.0 

3.0 

1.3 

1.0 

2529 

2111 

0 

0 

125 

109 

4262 

3760 

40 

Oct 

7 

51.0 

64. 0 

2.7 

1.8 

4.3 

2.9 

1.3 

0.9 

2664 

2178 

0 

0 

76 

95 

4330 

3855 

41 

14 

57.4 

65.3 

1.7 

1.8 

3.6 

3.0 

0.7 

0.8 

1737 

1779 

0 

0 

50 

93 

4367 

3948 

42 

21 

56.2 

65.8 

1.8 

2.0 

3.4 

3.4 

0.9 

0.7 

1917 

1707 

0 

0 

68 

79 

4455 

4027 

43 

2S 

50.9 

65.9 

2.3 

2.0 

4.2 

3.3 

0.6 

0.7 

1548 

1454 

0 

0 

54 

62 

4509 

4035 

44 

Nov 

4 

55.6 

66.5 

1.5 

2.1 

2.0 

3.4 

1.1 

0.6 

1755 

1380 

0 

0 

108 

66 

4616 

4155 

45 

11 

43.5 

65.3 

3.0 

2.4 

5.9 

4.6 

0.9 

0.5 

1350 

1329 

0 

0 

55 

41 

4671 

4196 

46 

18 

53.3 

65.1 

2.6 

2.7 

5.0 

4.9 

0.7 

0.5 

1341 

1073 

0 

0 

54 

32 

4725 

4229 

47 

25 

63.9 

69.3 

2.6 

2.7 

5.0 

4.S 

0.4 

0.4 

1197 

837 

0 

0 

33 

25 

4753 

4254 

48 

Dec 

2 

85.6 

71.3 

3.0 

3.2 

4.5 

6.0 

585 

828 

0 

0 

11 

15 

4769 

4263 

49 

9 

62.6 

68.7 

3.4 

3.0 

6.8 

5.7 

1098 

974 

0 

0 

25 

15 

4794 

4283 

50 

16 

68.1 

72.3 

3.3 

3.0 

8.0 

5.2 

1035 

902 

0 

0 

17 

13 

4810 

4296 

51 

23 

73.6 

71.5 

2.1 

3.1 

6.0 

6.0 

931 

837 

0 

0 

7 

7 

4817 

4  303 

52 

30 
A'/erage 

88.2 

73.9 

3.4 

2.8 

6.2 

5.5 

585 

779 

0 

0 

6 

9 

4823 

4312 

65.84 

67.67 

2.05 

2.39 

3.70 

4.13 

1.28 

1.08 

2240 

2114 

7.81   5 

.66 

92.74 

82.92 

The  week  numbei-  of  calendar  year  1987 . 

^  Tlie  ciate  that  the  week  in  column  1  ends.   The  week  ends  at  4:00  p.m.  Central  time. 

^Percent  of  saturation.  Avg  =  the  average  of  the  daily  maximum  and  minimum  reaidings  for  the  week.  The  nonnal  was  computed 
from  20  ajid  21  years  of  data. 

**  Converted  to  miles  per  hour  from  daily  cumulative  totals.  Kind  normals  tor  the  warmer  portion  of  the  year  (v«?eks  14  tnrou^h 
43)  were  coinputed  from  22  to  27  ^'ears  of  data.  Until  15  years  ago,  wind  data  were  not  collected  during  the  colder  .niontit  as 
tney  were  taken  only  in  conjunction  with  the  collection  of  evaporation  data.  Tnus,  depending  on  t/ie  temperatures  prevailing, 
nonnal  for  weeks  1  thi-ough  13  and  44  through  52  were  cocnputed  from  14  to  18  years  of  data.  Avg  =  tne  a^/erage  rate  of  air 
movement  for  the  week  without  regard  to  direction.  Windy  day  =  the  average  rate  for  the  day  with  the  greatest  air  movement. 
Measured  in  incnes  per  week.  Tne  amount  of  water  lost  from  a  standaid  4d-inch  diameter  monei  e^'ai»ration  pan.  NonnaJs  were 
computed  from  22  to  27  years  of  aata  for  weeks  14  through  43,  from  10  to  19  years  of  data  for  v^^c.<s  10  through  13,  and  44 
tm-ough  47.  Note  that  some  of  the  v^eKs  during  early  spring  or  late  fall  may  ha\'e  higher  normals  than  perioos  during  warmer 
weather.  Tnis  occui-s  oecause  evai»ration  data  cannot  be  safely  collected  during  years  of  hard  freeze  conditions-  without 
possioie  damage  to  equipment.  Years  when  the  seasons  vjarm  up  early  or  cool  off  late,  data  is  collected  — but  only  dui'ing  the 
Detter  evaporatirsg  conditions.  However,  once  tiie  evaporation  s^'stem  is  set  up,  it  is  kept  operational  even  thougn  moderate 
freezes  do  occur,  thus  obtaining  a  reasonably  good  estimate  of  actual  evaporating  conditions. 

Solar  radiation  or  sunlight  measui'ed  in  total  ianglc^'s  per  weej;.  A  langley  is  one  graii  calorie  of  radiant  energy/,  tnat  is, 
Xhe  ajaount  of  sunlight  sJiining  on  a  orie  square  centimeter  surface  needed  to  raise  the  temperature  of  a  cubic  centimeter 
(1/1000  of  a  liter)  of  pure  v/ater,  one  degree  centigrade  (Celcius).  For  e>:ampie,  if  a  cup  of  ice  water  vras  insulateti  and 
placed  outside  at  sxmrise  during  a  t'i'picai  sutmer  day,  t.ne  sunlight  a'osoroed  on  trie  top  surface  of  t.".o  cup  (about  45  square 
centimeter  surface)  would  cause  the  water  to  ooii  before  sunset,  about  500  gram  calories  of  energy.  But  on  a  typical  winter 
cay  only  slightly  move  than  100  gram  calories  would  be  a'onorbed  — the  cup  of  ice  water  W3uld  only  reach  room  te:r.perature . 
Normals  computed  from  15  to  16  years  of  data. 

Zae  total  hours  per  week  that  the  National  Weather  Service  Livestock  safety  ipdex  ir.dicates  danger  (  "e.'-rpect  a  25  percent  or 
greater  increase  in  livestock  loss  during  transit").   Normals  were  co^r.puted  fran  15  years  of  data. 

{\n  inaex  of  plant  growing  conditions.  A  growing  degree  day  value  (G.D.D.)  occurs  only  when  the  maximum  teinperature  is  greater 
than  50*F.  The  number  of  G.D.D.  is  calculated  as  follcws:  [(Daily  maximum  +  da-ily  ir.inimuii  )  :-  2]  -  50  =  G.D.D.  If  ti;e 
ii.2;:imum  tciv.perature  is  greater  than  86  F,  enter  06.  ^If  the  minimum  tejnperature  is  less  tlian  50*F,  enter  50,  or  if  tr.e 
minimum  temperature  is  greater  than  86'f,  enter  86.  The  maximum  nun\ber  of  G.D.D. 's  per  day  is  36  (the  G.D.D.  normals  vierc 
computed  from  20  years  of  data)  .  Wee.k  =  the  sura  of  the  daily  growing  degree  da;>'s  for  tlie  week;  culm  =  the  sum  of  tiie  daily 
grcwiny  degree  da^'s  for  the  current  year. 
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ESTABLISHING  ZERO-TILL  PAULOWNIA  IN  PERMANENT  PASTURES  WITH 

DELAYED  HERBICIDE  APPLICATION^ 

Lester  E.  Arnold  and  George  Z.  Gertner 

INTRODUCTION:  Farm  income  continues  to  be  sluggish, 
absentee  land  ownership  is  high  and  low  productivity  land  is 
rapidly  being  taken  out  of  production.  Recent  changes  in 
Illinois  forestry  opportunities,  due  in  part  to  the  Illinois 
Forestry  Development  Act  and  the  Conservation  Reserve 
Program,  have  greatly  increased  the  demand  for  new 
technology  in  reforestation  practices.  A  whole  new  spectrum 
of  land  owners  are  becoming  interested  in  forestry.  Many 
land  owners  have  little  knowledge  of  forestry  practices  or 
are  trying  to  integrate  forestry  practices  into  ongoing 
field  operations.  The  mushrooming  demand  has  outstripped 
available  forestry  technical  services  at  a  time  when  those 
services  are  at  best  holding  level  or  are  being  reduced  due 
to  budget  constraints.  Additionally,  a  new  potential 
reforestation  species  for  Illinois,  Paulownia  tomentosa 
(Thunb.)  Steud. ,  has  generated  considerable  interest  due  to 
its  high  value  and  fast  growth  potential.  Little  general 
information  is  known  about  its  commercial  culture  in  this 
area.  This  study  was  conducted  to  determine  the  effects  of 
delayed  application  of  Furloe/Enide  herbicide  on  paulownia 
with  commonly  used  o-till  site  preparation  treatments  on 
permanent  pastures. 

METHODS:  The  paulownia  plots  established  include  a 
study  of  site  preparation  conditions  and  delayed  pre- 
emergent  herbicide  application.  The  site  preparation  in  one 
set  of  plots  in  heavy  fescue  and  ragweed  included  two 
replications  of  each  of  the  five  delay  treatments  in  "mowed 
only  (Mowed  Only)",  "mowed  and  sprayed  preplant  with  2 
quarts  (qts.)  Roundup  in  30  gallons  water/acre  (Mowed  + 
Roundup)"  and  "sprayed  preplant  with  2  quarts  Roundup  in  30 
gallons  water/acre  only  (Roundup  Only)".  The  row  spray 
treatments,  replicated  two  times  over  trees  spaced  2  0  inches 
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bands  of  3  quarts  Furloe  4EC  and  4  pounds  (lbs.)  of  Enide 
90W  in  30  gallons  water/acre  applied  as  follows  (all 
treatments  were  irrigated  as  needed) :  (1)  Control 
applied  the  day  of  planting;  (2)  3  day  delay  in  application 
after  planting  seedlings;  (3)  10  day  delay;  (4)  30  day 
delay;  and  (5)  after  fall  leaf  drop  which  was  a  12  6  day 
delay.  For  the  first  year  results  in  this  report  the 
survival  obtained  from  the  126  day  delay  essentially 
represents  data  from  a  no  herbicide  application  treatment. 
The  study  site  was  located  on  a  transitional  soil  with  a 
slope  at  7%  to  12%  on  a  southernly  aspect  of  eroded 
Grantsburg  and  Zanesville  silt  loam  in  Pope  County, 
Illinois. 

RESULTS  AND  DISCUSSION:  The  site  preparation  study 
(mowed  fescue  only,  mowed  with  preplant  Roundup  or  preplant 
Roundup  only)  and  delay  application  treatment  of 
Furloe/Enide  was  established  on  June  23,  1986.  Initial 
survival  data  was  collected  at  the  end  of  the  1986  growing 
season.  A  categorical  analysis  was  used  to  test  the  data 
(Table  1)  .  The  simple  effects  of  site  preparation  were 
significant  (Table  2)  ,  while  the  simple  effects  of  delayed 
application  of  Furloe/Enide  were  not  significant  (Table  3)  . 
The  interaction  effects  of  Prep  X  Delay  were  also 
significant  (Table  4) . 

The  Mowed  +  Roundup  site  prepration  treatment  produced 
an  acceptable  to  excellent  80%  survival  when  herbicide  was 
used  immediately  after  planting  and  even  with  three  days 
delay  the  survival  was  75%.  This  is  of  particular  interest 
considering  the  late  planting  date.  However,  Roundup 
normally  has  a  better  knock  down  effect  on  fescue  when  it 
has  not  been  disturbed.  It  is  possible  that  the  tangle  of 
the  previous  years  dead  growth  reduced  the  effective  contact 
of  the  herbicides,  since  the  Mowed  Only  plots  fared  better 
than  did  the  Roundup  Only  plots.  Mowed  +  Roundup  showed  the 
only  clear  downward  trend  as  might  be  expected  (Figure  1) 
over  the  delay  period  while  the  other  two  preparation 
treatments  were  erratic.  Due  to  the  hot  weather,  a  higher 
rate  of  Roundup  would  probably  have  had  a  better  knock  down 
effect  on  the  cool  season  fescue.  Additionally,  a  larger 
volume  of  water  to  carry  the  Roundup  would  probably  have  had 
a  beneficial  effect  in  the  tangled  mass  of  the  unmowed 
fescue.  The  latter  may  explain  why  that  Zero  Day  Delay 
application  of  Furloe/Enide  on  the  Mowed  +  Roundup  site 
preparation  had  the  best  survival. 


TABLE  1.   CATEGORIAL  ANALYSIS  OF  VARIANCE 

Site  Preparation  Treatments 

With 
Delay  Herbicide  Application 


Source DF Chi-Sg  Probability 

Intercept 

Prep 

RP  (Prep) 

Delay 

Prep  Delay 


Significant  at  1%  level. 


TABLE  2.   SITE  PREPARATION 


1 

31.1 

0.0001 

2 

7.6 

0.0222 

3 

11.4 

0.0097 

4 

3.6 

0.4662 

8 

26.5 

0.0009 

Site  Preparation Survival 

Mowed  +  Roundup  64.2 

Mowed  Only  61.8 

Roundup  Only  53.2 


Significant  at  1%  level 


TABLE  3.   DELAY  FURLOE/ENIDE 


Delay  Herbicide  Days Survival 

3  64.0 

10  60.2 

0  60.2 

126  59.4 

30  54.6 


Not  Significant. 


TABLE  4.   MEAN  SURVIVAL — PREP  X  DELAY 


Site 
Preparation 


Delay 

Herbicide 

Davs 

Survival 

0 

79.6 

3 

75.0 

10 

66.7 

126 

66.1 

126 

65.5 

30 

64.4 

10 

63.6 

3 

62.7 

0 

58.5 

30 

56.9 

3 

53.6 

10 

50.8 

126 

46.6 

0 

44.1 

30 

42.1 

Mowed  +  Roundup 
Mowed  +  Roundup 
Mowed  Only 
Roundup  Only 
Mowed  Only 
Mowed  Only 
Mowed  +  Roundup 
Roundup  Only 
Mowed  Only 
Mowed  +  Roundup 
Mowed  Only 
Roundup  Only 
Mowed  +  Roundup 
Roundup  Only 
Roundup  Only 


Significant  at  1%  level 
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INTRODUCTION:  The  effect  of  Roundup  on  tree  seedlings 
is  of  interest  to  forest  land  owners  for  a  variety  of 
reasons.  The  most  obvious  is  the  detrimental  effects  of 
inadvertently  spraying  or  drift  spraying  of  forest  trees, 
especially  seedlings  along  a  field-forest  interface. 
However,  another  reason  for  interest  is  that  it  appears  that 
some  species  have  some  resistance  that  may  be  used  to  allow 
intentional  spraying  of  Roundup  over  growing  trees  to 
control  severe  weed  problems.  Several  factors  must  be 
considered  when  assessing  the  potential  effects  of  Roundup 
for  delayed  application  use.  These  include  the  tolerance  of 
various  tree  species  seedlings  towards  Roundup,  the  seasonal 
developmental  stage  of  the  seedlings,  the  amount  of  coverage 
the  plant  receives  and  the  concentration  of  the  applied 
solution.  This  report  provides  information  about  Roundup 
being  applied  to  four  species,  over  a  range  of  developmental 
stages,  with  complete  coverage  at  one  commonly  applied 
concentration  rate.  The  objective  was  to  assess  the  effects 
of  Roundup  on  potential  agroforestry  tree  species. 

METHODS:  In  delayed  application  of  Roundup  research 
trials,  several  tree  species  including  Paulownia  tomentosa 
(Thunb.)  Steud,  Paulownia;  Pinus  strobus  L.  ,  white  pine; 
Liriodendron  tulipifera  L. ,  yellow-poplar;  and  Pinus 
svlvestris  L.  ,  French  Scotch  pine  were  tested.  Juglans 
nigra  L.  ,  black  walnut,  was  to  be  included  but  a  root 
disease  at  the  State  Nursery  forced  the  nursery  to  destroy 
all  walnut  stock.  The  trees  were  planted  on  June  16,  1986 
at  1-foot  spacing  in  rov/s  6  feet  apart  in  randomly  placed 
groups  of  three  rows  each.  Due  to  the  late  planting  date 
the  plots  were  irrigated  as  needed  throughout  the  growing 
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season.  There  are  three  blocks  of  main  plots  —  Block  I  was 
established  on  a  3  0-day  regrowth  of  fescue  (regrowth) ;  Block 
II  was  regrowth  of  fescue  that  was  freshly  mowed  just  prior 
to  tree  establishment  (2nd  mowing) ;  and  Block  III  was  first 
mowing/ freshly-cut  fescue  that  included  all  of  the  previous 
years  growth  including  standing  dead  material  (1st  mowing) . 
All  blocks  were  then  broadcast  sprayed  with  2  quarts  (qts.) 
of  Roundup  in  3  0  gallons  of  water  per  acre.  Each  tree 
species  was  planted  and  sprayed  with  herbicide  in  3  0  gallons 
water/acre  as  follows:  all  rows  of  Paulownia  were  hand 
planted  in  a  planting  machine  cut  slit  and  sprayed  with  3 
quarts  (qts.)  Furloe  4EC  and  4  pounds  (lbs.)  Enide  90W/acre; 
all  rows  of  white  pine  were  machine  planted  with  2.5  lbs 
Princep  SOW,  5  lbs  Dowpon  M,  and  1/3  pint  2,4-D  ester 
EC/acre;  and  for  yellow-poplar  and  French  Scotch  pine  the 
three  rows  of  each  in  each  block  were  machine  planted  and 
assigned  different  herbicide  applications  —  one  row 
received  3.3  3  lbs  Surf Ian  DF/acre,  one  row  received  one  pint 
of  Poast  plus  crop  oil/acre  and  the  other  received  3  qts  of 
Velpar/acre.  After  all  trees  were  planted  and  postplant 
sprayed  with  the  appropriate  establishment  herbicide,  six 
lO-foot  bands  were  established  at  right  angles  across  each 
block  over  all  species,  and  six  delay  Roundup  2  qts/acre 
treatments  were  initiated.  One  band  in  each  block  was  left 
as  a  Control  with  no  follow  up  Roundup  spray;  one  block  was 
sprayed  immediately  after  the  planting  -  0  delay;  the  next 
three  were  delayed  for  7,  14,  and  3  0  days;  and  the  sixth  was 
sprayed  with  Roundup  after  Leaf  Drop  during  the  fall.  The 
spray  after  Leaf  Drop  treatment  for  this  report  is  the  same 
treatment  as  the  Control,  since  the  Roundup  was  applied  at 
the  same  time  that  survival  data  was  collected  for  the  first 
year  results. 

The  study  site  was  located  on  a  transitional  soil  with 
7  to  12%  slope  on  a  southerly  aspect  of  eroded  Grantsburg 
and  Zanesville  silt  loam  in  Pope  County,  Illinois.  Both 
soils  are  submarginal  for  row  crop  agriculture  when  eroded 
and  both  have  fragipans.  Zanesville  is  the  shallower  of  the 
two  soils. 

RESULTS.  Since  this  was  only  a  pilot  study  no 
comparisons  were  made  between  species.  Thus,  each  species 
will  be  discussed  independently  in  the  report. 

A  maximum  likelihood  procedure  was  used  to  analyze  the 
survival  data  for  each  species.  The  results  of  the  analysis 
of  chi-square  for  Paulownia  (Table  1)  ,  white  pine  (Table  2) 
and  yellow-poplar  (Table  3)  all  show  significant  delay 
effects.  French  Scotch  pine  was  not  tested  due  to  lack  of 
data  -  not  enough  seedlings  were  available  to  establish  a 
complete  test  in  the  field.   Additionally,  the  analysis  of 


chi-square  showed  significant  site  preparation  effects  on 
white  pine  and  yellow-poplar.  Site  preparation  effects  were 
marginal  for  Paulownia.  When  survival  of  species  and  site 
prep  (Table  4)  are  compared,  yellow-poplar  ranged  from  55.2% 
for  1st  mowing  to  2  5.7  %  for  regrowth;  Paulownia  ranged  from 
4  6.0  %  for  1st  mowing  to  3  3.0  %  for  regrowth;  and  white  pine 
ranged  from  42.5  %  for  1st  mowing  to  6.0  %  for  regrowth. 

No  interaction  effects  could  be  tested  statistically 
due  to  lack  of  replication,  but  Tables  4-9  show  simple  plot 
means  of  those  effects,  including  the  limited  data  for 
French  Scotch  pine  (Table  9) .  Survival  by  species  and  delay 
application  of  Roundup  over-the-top  of  growing  trees 
comparison  (Table  5)  without  regard  to  establishment 
herbicide  for  yellow-poplar  ranged  from  64.0%  for  7  day 
delay  Roundup  application  to  3  0.6%  for  Leaf  Drop;  Paulownia 
ranged  from  60.8%  for  7  day  delay  to  10.4%  for  30  day  delay; 
and  white  pine  ranged  from  38.1%  for  Control  to  17.5%  for 
Leaf  Drop. 

Paulownia  survival  by  site  prep  and  delay  (Table  6) 
peaked  at  7  6.5%  on  the  fist  mowing  and  7  day  delay  with  the 
least  of  5.9%  occurring  on  regrowth  and  3  0  day  delay.  White 
pine  survival  by  site  prep  and  delay  peaked  at  56.3%  on 
first  mowing  on  both  3  0  day  delay  and  control  with  second 
mowing  -  7  day  delay  and  first  mowing  -  0  day  delay 
following  closely.  Seven  regrowth  treatments  had  zero 
survival.  Yellow-poplar  survival  by  site  preparation, 
establishment  herbicide  (three  different  herbicides  were 
tested  as  compared  to  only  one  each  for  white  pine  and 
Paulownia)  and  delay  treatment  (Table  8)  upper  range 
included  a  cluster  of  highs  of  80-83.3%  dominated  by  first 
and  second  mowing  site  preparations,  represented  by  all 
herbicides  and  dominated  by  7  and  14  day  delay  treatment. 
The  control  plots  (both  control  and  leaf  drop) ,  though 
scattered  throughout,  tended  to  be  close  in  the  mid  to  lower 
part  of  the  ranking.  The  zero  survival  results  tend  to  be 
dominated  by  regrowth  site  preparation.  Although  the  data 
set  is  incomplete  for  French  Scotch,  the  best  survival  by 
site  prep,  herbicide  and  delay  (Table  9)  occurred  on  the 
study  was  100%  on  first  mowing  -  7  day  delay  with  Velpar. 
Again  regrowth  plots  dominate  the  zero  survival  with 
Poast/Surflan  herbicides  (Velpar  was  not  included;  neither 
regrowth  plots  nor  second  mowing  site  preparation  plots  were 
included) . 

Graphically  the  regrowth  site  preparation  treatment 
depression  of  survival  can  be  seen  quite  clearly  in  Figure 
1.  The  peaking  of  survival  with  a  delay  of  seven  days  after 
planting  before  applying  Roundup  over-the-top  can  be  seen  in 
Figure  2,  especially  notable  is  that  with  both  Paulownia  and 


yellow-poplar  the  peak  is  considerably  higher  than  for  the 
control  plots.  The  same  peaking  effect  for  seven  day  delay 
of  Roundup  application  also  shows  quite  clearly  for 
Paulownia  when  comparing  site  preparation  treatments  with 
all  treatments  exhibiting  similar  effects  and  in  addition  a 
3  0-day  delay  severely  depresses  survival.  White  pine 
survival  by  site  preparation  and  delay  (Figure  4)  is  not  as 
clear,  but  on  regrowth  any  application  of  Roundup  was 
negative.  First  and  second  mowing  was  mixed  though  usually 
much  better  than  Regrowth. 

Since  yellow-poplar  plots  were  tested  using  three 
different  herbicides,  a  much  closer  look  can  be  taken  at  the 
delay  effects  and  herbicide  treatments  on  the  three  site 
preparation  treatments.  On  the  regrowth  site  (Figure  5)  , 
though  results  are  mixed,  there  was  a  strong  peak  at  7  days 
for  Surflan  and  at  14  days  for  Velpar. 

On  first  mowing  sites  (Figure  6)  ,  Poast  peaked  at  0- 
delay  with  a  slow  decline  through  14  day  delay;  Surflan 
peaked  at  7  days  with  0  and  14  day  delay  following  closely; 
and  Velpar  peaked  at  14  days  with  7  day  delay  following  a 
close  second.  On  second  mowing  sites  (Figure  7)  the  results 
are  more  mixed  with  the  peaking  effects  still  showing  up  on 
7  day  delay,  but  the  control  result  ranking  close  and  for 
some  unexplainable  reason  Leaf  Drop  fell  way  down.  It 
should  be  comparable  to  control  for  the  first  year  results. 
Additionally,  a  marked  depression  can  be  seen  for  both 
Velpar  and  Surflan  on  0-day  delay. 

DISCUSSION:  The  data  is  quite  variable,  but  it  is  clear 
that  some  species  in  certain  situations  can  be  sprayed  over- 
the-top  with  Roundup  to  obtain  post  plant  weed  control. 

Not  only  do  some  trees  survive  but  survival  was 
increased  under  some  conditions.  There  seems  to  be  a 
tendency  for  the  7  to  14  day  delay  of  application  of  Roundup 
to  be  more  effective  then  either  before  or  later.  It  is 
possible  that  the  seedling  can  tolerate  Roundup  during  that 
period  while  they  are  breaking  dormancy  from  cold  storage 
and  the  delay  application  eliminates  the  generation  of 
grasses  and  weeds  that  have  sprouted  and  emerged  since  the 
preplant  and  site  preparation  treatments  were  completed. 
Thus,  the  tree  seedlings  have  an  extra  week  or  two  to 
establish  themselves  in  a  more  competitive  position  on  the 
site.  In  this  study  we  were  more  interested  in  the  effect 
of  Roundup  after  different  delay  periods,  rather  than  in 
keeping  herbicide  applications  and  costs  to  a  minimum. 
Additionally  under  practical  field  conditions,  the  first 
application  (preplant)  would  probably  not  have  been 
necessary  or  beneficial  when  a  postplant  application  of 


Roundup  was  to  be  applied  the  same  day  or  possibly  as  late 
as  the  14  day  delay  under  good  soil  moisture  availability 
conditions. 

CONCLUSION:  The  results  of  the  delayed  application  of 
Roundup  over-the-top  of  Paulownia,  white  pine,  yellow-poplar 
and  French  Scotch  pine  were  promising.  Preliminary  results 
show  spotty  survival,  though  many  plants  have  survived  that 
were  sprayed  with  Roundup.  One  benefit  of  a  good  tolerance 
of  Roundup  would  allow  easier  establishment  of  the  species 
as  the  seedlings  could  be  planted  before  any  spraying  was 
done,  thus  eliminating  one  pass  over  the  field  with  a 
preplant  spray  operation  as  is  now  the  case.  A  second 
benefit  is  that  tolerant  species  could  be  sprayed  to  control 
late  emerging  problem  weed  competition. 

Obviously  further  research  is  needed  to  delineate 
tolerance  levels  for  each  species  and  when  Roundup  can  be 
safely  applied.  The  pilot  data  indicates  that  some  species 
not  only  tolerated  the  Roundup  herbicide  as  applied  one  to 
two  weeks  after  seedling  planting  date,  but  actually  showed 
an  increase  in  survival  over  the  control . 


TABLE  1.   PAULOWNIA  CHI-SQUARE  ANALYSIS  TABLE 


Source 


DF 


Chi-Sg 


Prob. 


Intercept 
Site  prep 
Delay 


1 
2 
5 


19.5 

4.2 

26.0 


0.0001 
0.1256 
0.0001* 


*signif leant 


TABLE  2.   WHITE  PINE  CHI-SQUARE  ANALYSIS  TABLE 


Source 


DF 


Chi-Sq 


Prob. 


Intercept 
Site  prep 
Delay 


1 
2 
5 


39.6 

20.0 

9.9 


0.0001 

0.0001* 

0.0794* 


*signif leant 


TABLE  3.   YELLOW  POPLAR  CHI-SQUARE  ANALYSIS  TABLE 


Source 


DF 


Chi-Sg 


Prob. 


Intercept 
Site  prep 
Delay 


1 
2 
5 


3.4 

23.2 

9.9 


0.0662 

0.0001* 

0.0013* 


*signif leant 


TABLE  4 


SURVIVAL  BY  SPECIES  AND  SITE  PREP 


Species 


Site  Prep 


Survival 


Yellow  poplar 
Yellow  poplar 
Paulownia 
White  pine 
Paulownia 
Paulownia 
Yellow  poplar 
White  pine 
White  pine 


1st  mow 
2nd  mow 
1st  mow 
1st  mow 
2nd  mow 
Regrowth 
Regrowth 
2nd  mow 
Regrowth 


55.2 
55.0 
46.0 
42.5 
35.8 
33.0 
25.7 
25.0 
6.0 


TABLE  5.   SURVIVAL  BY  SPECIES  AND  DELAY 

Plot  Means 


Species 


Days  Delay 

7 

7 

14 

Control 

30 

Leaf  drop 

Control 

0 

Control 

0 

7 

14 

30 

0 

Leaf  drop 

14 

Leaf  drop 

30 

%  Survival 


Yellow  poplar 
Paulownia 
Yellow  poplar 
Paulownia 
Yellow  poplar 
Paulownia 
White  pine 
Yellow  poplar 
Yellow  poplar 
Paulownia 
White  pine 
Paulownia 
White  pine 
White  pine 
Yellow  poplar 
White  pine 
White  pine 
Paulownia 


64 
62 
60 
45 
39 
38 
38 
38 
36 
36 
35 
33 
32 
30 
30 
18 
17 
10 


0 
3 
8 
8 
6 
9 
1 
0 
7 
5 
9 
3 
5 
8 
6 
2 
5 
4 


TABLE  6.   PAULOWNIA  SURVIVAL  BY  SITE  PREP  AND  DELAY 
Plot  Means — Establishment  Herb.  Mix  -  Furloe/Enide 


Site  Prep 


Days  Delay 


Survival 


1st  mowing 
2nd  mowing 
Regrowth 
1st  mowing 
2nd  mowing 
1st  mowing 
1st  mowing 
Regrowth 
Regrowth 
Regrowth 
1st  mowing 
2nd  mowing 
2nd  mowing 
2nd  mowing 
Regrowth 
1st  mowing 
2nd  mowing 
Regrowth 


Control 
7 
Leaf  Drop 
7 
14 
0 
Control 
Leaf  Drop 
0 
Control 
14 
0 
Leaf  drop 
14 
30 
30 
30 


76.5 
58.8 
58.8 
52.9 
52.6 
47.1 
44.4 
40.0 
40.0 
37.5 
37.5 
36.8 
27.8 
23.5 
16.7 
13.3 
12.5 
5.9 


TABLE  7.   WHITE  PINE  SURVIVAL  BY  SITE  PREP  AND  DELAY 
Plot  Means  -  Estab.  Herb.  Mix  -  Princep/Dalapon/2 , 4-D 


Site  Prep 


Days  Delay 


%  Survival 


1st  mowing 
1st  mowing 
2nd  mowing 
1st  mowing 
2nd  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
2nd  mowing 
2nd  mowing 
Regrowth 
2nd  mowing 
Regrowth 
2nd  mowing 
Regrowth 
Regrowth 
Regrowth 
Regrowth 


30 
Control 
7 
0 
Control 
Leaf  drop 
7 
14 
30 
0 
Control 
14 
30 
Leaf  drop 

14 
Leaf  drop 
7 
0 


56. 

56. 

53, 

52. 

33. 

31. 

31. 

31. 

23, 

20, 

18, 

13 
9 
6 
0 
0 
0 
0 


3 
3 
3 
9 
3 
6 
6 
6 
1 
0 
2 
3 
1 
7 
0 
0 
0 
0 


TABLE  8.   YELLOW  POPLAR  SURVIVAL  BY  SITE  PREP,  HERB  AND 

DELAY 

Plot  Means 


Site  Prep 


Establ ishment 
Herbicide 


Days  Delay 


%  Survival 


Regrowth 
2nd  mowing 
2nd  mowing 
1st  mowing 
1st  mowing 
2nd  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
2nd  mowing 
2nd  mowing 
1st  mowing 
2nd  mowing 
2nd  mowing 
Regrowth 
Regrowth 
1st  mowing 
2nd  mowing 
2nd  mowing 
1st  mowing 
2nd  mowing 
2nd  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
2nd  mowing 
1st  mowing 
1st  mowing 
Regrowth 
2nd  mowing 
Regrowth 
Regrowth 
Regrowth 
Regrowth 
1st  mowing 
2nd  mowing 
1st  mowing 
2nd  mowing 
2nd  mowing 
2nd  mowing 
Regrowth 
Regrowth 
Regrowth 
Regrowth 
1st  mowing 
Regrowth 
Regrowth 
2nd  mowing 
1st  mowing 
Regrowth 
Regrowth 
Regrowth 
Regrowth 


Velpar 

14 

83.3 

Poast 

Control 

83.3 

Poast 

7 

83.3 

Surflan 

7 

83.3 

Velpar 

14 

83.3 

Velpar 

7 

83.3 

Poast 

0 

83.3 

Surflan 

14 

80.0 

Velpar 

7 

80.0 

Surflan 

Control 

80.0 

Surflan 

30 

80.0 

Poast 

7 

80.0 

Surflan 

7 

80.0 

Poast 

0 

66.7 

Surflan 

7 

66.7 

Velpar 

30 

66.7 

Poast 

14 

66.7 

Velpar 

14 

66.7 

Surflan 

14 

66.7 

Surflan 

0 

66.7 

Velpar 

Control 

66.7 

Poast 

14 

60.0 

Velpar 

30 

60.0 

Surflan 

Leaf  drop 

60.0 

Poast 

Control 

60.0 

Velpar 

Leaf  drop 

50.0 

Poast 

30 

50.0 

Velpar 

0 

40.0 

Surflan 

30 

40.0 

Velpar 

Leaf  drop 

40.0 

Velpar 

30 

40.0 

Poast 

0 

33.3 

Poast 

Leaf  drop 

33.3 

Surflan 

Leaf  drop 

33.3 

Poast 

14 

20.0 

Surflan 

Control 

20.0 

Poast 

Leaf  drop 

20.0 

Poast 

Leaf  drop 

20.0 

Surflan 

0 

20.0 

Surflan 

Leaf  drop 

16.7 

Velpar 

0 

16.7 

Surflan 

14 

16.7 

Poast 

7 

16.7 

Surflan 

30 

16.7 

Surflan 

Control 

16.7 

Velpar 

Control 

0.0 

Velpar 

7 

0.0 

Velpar 

Control 

0.0 

Velpar 

Leaf  drop 

0.0 

Poast 

30 

0.0 

Surflan 

0 

0.0 

Velpar 

0 

0.0 

Poast 

30 

0.0 

Poast 

Control 

0.0 

TABLE  9.   FRENCH  SCOTCH  PINE  SURVIVAL  BY  SITE  PREP,  HERB  AND 

DELAY 

Plot  Means 


Site  Prep 


Establ ishment 
Hericide 


Days  Delay 


%  Survjyal 


1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
1st  mowing 
Regrowth 
Regrowth 
1st  mowing 
Regrowth 
Regrowth 
Regrowth 
Regrowth 


Velpar 

7 

100.0 

Velpar 

Control 

83.3 

Velpar 

14 

80.0 

Surflan 

Control 

60.0 

Poast 

0 

60.0 

Surflan 

Leaf  drop 

60.0 

Poast 

30 

60.0 

Surflan 

7 

60.0 

Poast 

Control 

60.0 

Velpar 

Leaf  drop 

60.0 

Surflan 

0 

50.0 

Velpar 

0 

40.0 

Surflan 

30 

40.0 

Velpar 

30 

40.0 

Poast 

7 

33.3 

Poast 

14 

33.3 

Poast 

Leaf  drop 

20.0 

Poast/Surflan 

14 

16.7 

Poast/Surflan 

30 

0.0 

Surflan 

14 

0.0 

Poast/Surflan 

Control 

0.0 

Poast/Surflan 

Leaf  Drop 

0.0 

Poast/Surflan 

7 

0.0 

Poast/Surflan 

0 

0.0 

t: 
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FIGURE   1.     SURVIVAL 

BY  SPECIE  AND  STC  PREP 
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FIGURE  2.     SURVIVAL  BY  SPECIE  AND   DELAY 
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FIGURE  3.     PAULOWNIA  SURVIVAL 

BY  SITE  PREP  AND  DELAY 
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FIGURE  4.     WHITE  PINE  SURVIVAL 
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FIGURE  5.     YELLOW  POPU\R  SURVIVAL 

REGROWTH  StTE  PREP  BY  HERB.  AND  DELAY 
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FIGURE  6.     YELLOW  POPU^R  SURVIVAL 

1ST  MOWING  SITE  PREP  BY  HERB.  AND  DELAY 
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FIGURE  7.     YELLOW  POPU^R  SURVIVAL 
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FIELD  SCALE  PAULOWNIA  MANAGEMENT  TRIALS^ 
First  Year  Results 

aC,oj      Lester  E .  Arnold  and  George  Z .  Gertner 

INTRODUCTION:  The  search  for  a  fast  growing  high  value 
timber  crop  adaptable  to  a  wide  variety  of  soil  conditions 
continues.  Paulownia  tomentosa  (Thunb.)  Steud,  Paulownia  or 
princess-tree  offers  an  excellent  opportunity.  (1)  The 
species  is  historically  a  native  of  China,  cultivated  in 
Japan  and  more  recently  in  Taiwan,  and  was  introduced  into 
the  United  States  in  1834  (2)  as  an  ornamental.  The  species 
has  become  naturalized  in  the  midwest  at  least  as  far  north 
as  southern  Illinois.  According  to  Rehder  the  species  is 
hardy  in  most  of  the  southeast  through  a  zone  (USDA 
Hardiness  Zone  6)  where  the  northern  limit  bisects  Illinois 
generally  along  US  Highway  136  in  central  Illinois.  The 
round  crowned  open  grown  tree  which  typically  reaches 
heights  up  to  50  feet  when  mature  is  strikingly  beautiful  in 
the  spring  with  massive  violet  flowers.  Large  numbers  of 
trees  grown  as  ornamentals  have  been  sold,  harvested  for  the 
wood  and  shipped  to  Japan  in  the  past  ten  years.  Most 
individual  trees  have  sold  for  $1-3  per  boardfoot  stumpage 
(as  good  or  better  than  our  native  black  walnut) ,  with  some 
slower  growing  trees  having  been  reported  as  having  brought 
as  much  as  $8  per  boardfoot  stumpage. 

Little  was  known  about  commercial  production  on  an 
extensive  scale  when  it  first  became  known  in  the  United 
States.  Historically,  the  species  has  been  readily 
propogated  as  an  ornamental  and  in  the  open  lawn  setting  it 
easily  attains  sawlog  size  in  a  few  years.  It  is  not 
unusual  for  open  grown  trees  to  attain  a  10  inch  DBH  in  less 
than  ten  years.  The  authors  have  documented  a  10.3  inch  DBH 
tree  that  grew  in  seven  and  one  half  growing  seasons  on 
relatively  poor  upland  soil.  According  to  Tang,  et  al  (4), 
paulownia  is  "very  intolerant  and  grows  substantially  faster 
than  many  other  species  on  even  the  poorest  of  soils." 
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The  species  has  been  intensively  cultivated  in  China 
and  Japan,  but  there  land  is  in  extremely  short  supply  and 
labor  is  in  excess.  Beckjord  (3)  in  his  guide  booklet 
reported  that  his  research  as  supported  with  information 
from  Chinese  literature  would  launch  a  farmer  into  a 
"comfortable,  controlled  situation  in  the  growing  of 
paulownia."  However,  "many  questions  .  .  .  have  yet  to  be 
answered."  It  is  clear  from  his  work  that  the  emphasis  has 
been  on  very  intensive  culture,  however,  the  main  stream  of 
the  American  farmer  is  in  a  situation  just  the  opposite  of 
the  Oriental  -  land  is  in  excess  and  labor  is  expensive  or 
limited. 

Other  than  the  economic  value,  the  driving  force  behind 
the  strong  interest  is  the  very  wide  site  potential  and 
extremely  fast  growth  rate  of  the  species.  In  a  promotional 
brochure  from  the  American  Paulownia  Corporation,  Sheboygan, 
Wisconsin,  proposing  cooperative  plantations  with  private 
landowners,  the  target  harvest  date  for  paulownia  was  12  to 
15  years,  depending  upon  market  conditions. 

An  added  bonus  for  the  trees  potential  is  that  it  seems 
ideally  suited  for  agroforestry  with  its  high  value,  fast 
growth  rate,  delayed  leafing  out  characteristic  (about  2  0 
days  later  than  poplars) ,  good  light  penetration  (2  0%  more 
than  poplar  and  38%  more  than  black  locust) ,  and  deep  rooted 
(5). 

The  objective  of  this  study  is  to  develop  extensive 

field  scale  management  techniques  that  will  economically 

produce  paulownia  of  acceptable  quality,  size  and  per  acre 
volumes  for  marketing. 

METHODS:  The  paulownia  plots  include  twelve  1/2-acre 
main  plots  planted  on  a  6  x  14  foot  spacing  established  in  a 
field  dominated  by  fescue  that  had  been  in  permanent  pasture 
for  over  15  years.  The  plots  are  split  between  Grantsburg 
silt  loam  and  Zanesville  silt  loam.  One-half  (3)  of  the 
plots  on  each  soil  type  were  plowed  and  disced  prior  to 
planting;  the  other  half  were  sprayed  preplant  with  2  quarts 
(qts.)  Roundup  per  acre  in  5-foot  wide  strips  on  14  foot  row 
centers.  Each  of  the  1/2-acre  plots  in  each  main  plot 
section  were  randomly  assigned  further  levels  of  treatment  - 
-  one  plot  in  each  set  was  assigned  as  an  extensively 
managed  plot  where  after  initial  establishment,  only 
protection  and  periodic  mowing  was  done.  The  second  plot 
designated  as  a  moderate  level  of  management  received  290 
pounds  (lbs.)  of  blended  18-46-0  and  0-0-60  fertilizer,  and 
will  have  follow-up  individual  tree  pruning,  shearing,  etc. 
as  needed.  The  third  set  of  plots  received  the  same 
treatment  as  the  moderate  plots,  plus  irrigation  as  needed 


for  the  first  growing  season.  Additionally,  each  of  the 
1/2-acre  plots  was  randomly  subdivided  to  test  three  tree 
planting  methods:  (1)  hand  planting  with  a  planting  bar  or 
dibble;  (2)  machine  planting  with  a  tractor  drawn 
conventional  forest  tree  planter  (3-point  hitch  type) ;  and 
(3)  a  combination  of  the  above  two,  where  the  tree  planter 
would  rapidly  break  loose  the  compacted  soil  followed  by 
driving  back  over  the  slit  to  firmly  press  the  slit  down  and 
then  a  planting  crew  would  follow  up  with  a  dibble  and  plant 
the  trees  by  hand  in  the  softened  soil.  All  plantings  were 
sprayed  postplant  (within  24  hours)  with  a  five  foot  band  of 
herbicide  at  a  coverage  rate  of  3  qts  of  Furloe  4EC  and  4 
lbs  Enide  90W  in  30  gallons  of  water  per  acre.  Dormant  1-0 
tubed  seedling  were  used  as  planting  stock  from  Royal 
Nuseries,  Hillsboro,  Illinois.  The  nursery  reported  that 
the  seed  came  from  individual  trees  in  Pocahontas,  Illinois. 

RESULTS:  Paulownia  management  trials  have  been 
established  which  include  testing  effects  of  soil  type, 
fertility  level,  irrigation,  planter  methods  and  zero  till 
versus  conventional  tillage  in  an  old  (15+  years)  permanent 
winter-through-spring  cow-calf  pasture  setting.  Initial 
survival  and  height  growth  data  was  collected  during  the 
fall/winter  of  1986. 

The  results  of  the  establishment  year  of  the  field 
scale  paulownia  management  trials  are  varied  with  several 
treatment  effects  on  suirvival  being  significant  at  the  1% 
level  (Table  1) .  A  maximum  likelihood  procedure  was  used  to 
analyze  the  survival  data.  The  simple  treatment  effects  are 
not  significant  between  soils:  Grantsburg  silt  loam  51.0% 
and  Zanesville  silt  loam  56.6%  (Table  2).  All  the  other 
simple  effects  are  significant  at  the  1%  level:  (1)  on 
tillage  methods  (Table  3)  -  conventional  plowing  and  disking 
site  prepration  had  67.7%  survival  while  o-till  had  only 
39.7;  (2)  on  the  management  methods  use  (Table  4)  the 
moderate  level  had  57.5%,  intensive  53.4  and  external  had 
50.6%  survival;  (3)  on  the  planting  method  used  (Table  5) 
the  machine  planting  had  61.4%  and  hand/machine  combination 
had  47.6%.  However,  the  simple  effects  are  clouded  with 
significant  interaction  effects.  All  of  the  two-way 
interaction  effects  are  significant  at  the  1%  level  except 
for  Soil  X  Tillage  (Tables  6-10)  .  Only  the  Soil  x  Till  X 
Management  (Figure  1)  interactions  are  significant  at  the  1% 
level  in  the  three  three-way  interation  effects  tested 
(Tables  11-13) . 

On  all  of  the  significant  treatment  effects  on  simple 
and  two-way  and  three-way  interactions,  one  treatment  is 
consistent  throughout  —  conventional  plowing  and  disking  of 
the  site  always  ranks  above  o-till.   Even  though  the  simple 


effects  of  management  (Table  4)  and  planting  (Table  5)  are 
significant,  the  interaction  effects  show  little 
consistency.  However,  where  management  level  is  considered, 
the  extensive  and  moderate  levels  rank  well  together  at  the 
top  of  the  means  (Tables  7  and  11) .  For  example  on  the  Soil 
X  Tillage  X  Management  (Table  11)  interaction  extensively 
managed  plowed  Zanesville  silt  loam  had  80.5%,  moderately 
managed  plowed  Grantsburg  silt  loam  had  73.8%  survival, 
while  extensively  managed  o-till  Zanesville  silt  loam  and 
Grantsburg  silt  loam  had  27.3  and  25.5%  survival, 
respectively.  The  issue  is  similarly  complex  for  the 
planting  methods  with  hand  or  machine  planting  ranking 
together  at  the  top  of  the  means  (Tables  8  and  9)  .  For 
example,  on  the  Tillage  x  Planting  interaction  the  hand  and 
machine  methods  ranked  at  the  top  with  almost  identical 
survival  rates  of  70.6  and  70.4,  respectively,  while  the  o- 
till  hand  planted  fell  at  the  bottom  with  only  33.2% 
survival. 

Height  growth  of  surviving  trees  was  analyzed  using  a 
nested  analysis  of  variance  procedure.  Height  growth  of 
surviving  trees  is  quite  clear  (Table  14)  .  All  of  the 
simple  (Tables  15-17)  and  interaction  (Tables  19-25)  effects 
showed  significant  differences  at  the  1%  level  except  the 
simple  effects  of  planting  method  (Table  18) . 

Plowing  always  ranks  above  o-till  in  height  growth. 
Grantsburg  silt  loam  soil  always  ranks  at  the  top.  For 
example,  plowed  Grantsburg  silt  loam  means  were  3.89  and 
3.38  feet  as  compared  to  the  greatest  Zanesville  silt  loam 
mean  of  2.76  feet.  The  lowest  mean  was  Zanesville  silt  loam 
with  1.21  feet  when  comparing  Soil  x  Tillage  x  Planting 
(Figure  2)  interaction  (Table  24)  .  Though  simple  planting 
method  effects  were  not  significant,  in  the  interaction 
effects  the  hand/machine  method  always  ranks  in  the  top  with 
hand  planting  following  a  close  second. 

Moderate  or  intensive  management  consistently  ranked  at 
the  top  of  the  various  comparisons  with  means  in  the  3  to  4 
foot  range.  Extensive  usually  was  near  the  bottom  with 
means  of  one  foot  or  less  on  the  o-till  test  results  (Tables 
2  3  and  25).  The  greatest  mean  height  of  4.02  feet  occurred 
on  plowed  x  intensively  managed  x  hand/machine  comparison 
(Figure  3.  Height  -  Till  X  Management  X  Plant)  though  on 
simple  effects  intensive  management  was  second  in  the 
ranking.  Plowing  consistently  ranked  above  o-till  in  mean 
height  for  Soil  X  Till  X  Management  (Figure  4) . 

DISCUSSION:  While  it  is  clear  that  plowing  and  disking 
had  a  significant  positive  effect  on  survival,  it  is  not 
known  what  caused  the  effect.    A  number  of  possibilities 


exist.  It  could  be  due  to  the  loosening  of  the  compacted 
permanent  pasture  soils  which  improved  aeration.  Also, 
breaking  the  soil  prompted  a  change  in  the  species 
composition  of  remaining  competing  weeds  as  the  unmowed 
center  of  the  row  in  plowed  plots  was  dominated  by 
relatively  even  cover  of  ragweed,  daisy  fleabane  and 
cocklebur  with  few  grasses.  The  o-till  plots  were  dominated 
by  ragweed  with  a  strong  annual  grass  component.  There  was 
an  up  to  five  day  delay  after  the  very  effective  preplant 
Roundup  herbicide  was  applied  before  the  postplant 
Furloe/Enide  was  applied.  This  may  have  allowed  the  grasses 
to  germinate.  But  this  effect  would  be  unevenly  applied  at 
random  across  the  plots  as  work  was  proceeding  with  four 
crews  across  the  plots  without  regard  to  treatment.  The 
postplant  herbicide  may  have  had  difficulty  penetrating  the 
litter  and  compacted  soil.  The  machine  planting  was  done 
with  an  experienced  crew,  while  one  of  the  three  hand 
planting  crews  was  inexperienced  which  would  tend  to  lower 
the  overall  quality  of  the  hand  planting  portion  of  the 
treatments.  Care  was  taken  to  insure  that  each  of  the  hand 
planting  crews  worked  on  all  treatments. 

The  management  level  on  the  establishment  year  is:  (1) 
intensive-fertilized  and  irrigated;  (2)  moderate-fertilized 
only;  and  (3)  extensive  as  a  control.  What  appears  to  be  a 
common  thread  with  extensive,  moderate  and  intensive — 
ranking  in  that  order  generally — is  that  the  poorer  dryer 
site  offers  a  better  planting  bed  for  survival  the  first 
year.  Field  observation  on  the  poorer  Zanesville  silt  loam 
soil  extensive  plots  showed  the  majority  of  the  paulownia 
seedlings  with  tops  above  the  weed  competition  while  on  the 
better  Grantsburg  silt  loam,  or  on  fertilized  and/or 
irrigated  plots,  weed  competition  generally  overtopped  the 
seedlings.  It  may  be  that  availability  of  sunlight  for  the 
seedlings  is  the  most  critical  factor.  This  would  explain 
why  ornamental  trees  have  been  so  easily  propagated  on  a 
wide  variety  of  soils  as  homeowners  are  usually  persistent 
in  keeping  tall  weed  competition  away  from  the  top  while 
allowing  a  thick  grass  mat  to  grow  under  them.  An  unusually 
long  natural  wet  soil  condition,  following  irrigation  caused 
many  of  the  young  paulownia  seedlings  to  yellow  and  die. 
This  definitely  contributed  to  the  reduced  sensitivity  of 
the  tests. 

As  with  the  survival  comparison,  the  total  height 
growth  comparisons  are  somewhat  clouded  by  uncontrollable 
factors.  For  example,  the  hand  planted  rows  in  the 
intensive  managed  Grantsburg  silt  loam  plowed  plots  were  the 
wettest.   That  had  a  negative  effect  on  the  height  tests. 


CONCLUSION:  The  relationships  among  the  tested 
factors  are  complex,  with  most  factors  significantly- 
altering  the  results.  These  were  uncontrolled  biased 
factors  that  affected  the  results  such  as  the  drowning  out 
of  the  hand  planted  segment  of  the  plowed  Grantsburg  silt 
loam  intensive  plots  and  possible  grass  problems  due  to 
delays  in  planting  the  o-till  portion  of  the  tests.  Work  is 
already  underway  to  determine  whether  the  delay  encountered 
could  cause  significant  differences.  It  is  clear  that 
plowing  amd  subsequemt  discing  provided  a  better  planting 
bed  for  both  survival  and  growth  under  most  combinations  of 
conditions.  Although  there  were  large  significant 
differences  overall  in  planting  techniques  on  a  given  soil 
and  tillage  method,  the  actual  mean  differences  were  fairly 
small . 

There  is  definite  room  for  improvement  in  establishing 
paulownia.  The  better  survival  rates  were  only  60  to  80%, 
but  initial  growth  may  be  more  important  than  maximizing 
survival. 

As  weed  control  was  only  modest  at  best,  new  herbicides 
could  greatly  improve  the  early  survival  and  growth  success. 
It  seems  that  in  many  cases,  fertilizer  and/or  irrigation 
tended  to  depress  survival  and  growth  as  the  extensive  and 
moderate  levels  usually  ranked  higher  than  did  the  intensive 
treatment  levels.  This  indicates  that  possibly  the  young 
seedlings  need  more  time  to  become  established  before  they 
can  compete  with  the  residual  weed  population  for  nutrients. 
Similarly  for  irrigation,  the  cold  storage  seedlings  may 
need  several  days  to  initiate  growth  after  planting  before 
they  can  maximize  their  growth  potential  to  compete.  It  is 
likely  that  different  levels  of  fertility  will  have 
different  responses  on  different  soils  and  much  work  remains 
on  that  question.  It  is  possible  that  delaying  application 
of  fertilizer  and  irrigation  a  few  weeks  may  allow  the 
seedling  the  best  chance  for  competition,  and  still  be  able 
to  optimize  survival  and  minimize  growth  for  the  year. 
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INTRODUCTION:  Few  data  are  available  on  aluminum  (Al) 
levels  in  foliage  and  bark  of  most  tree  species.  It  is  a  non- 
essential element,  although  many  plant  species  have  been  found  to 
accumulate  large  amounts  in  foliage  (Kabata-Pendias  and  Pendias, 
1984)  .  Soils  with  pH  levels  less  than  5  can  have  soluble  Al 
concentrations  that  are  potentially  toxic  to  several  plant 
species  (Foy,  1984) .  Concern  has  also  been  raised  about  possible 
toxic  effects  of  Al  on  tree  growth  through  a  variety  of 
physiological  mechanisms  (Cronan  et  al.,  1987).  This  effect  has 
been  hypothesized  to  be  due  to  acidic  deposition  which  is 
suggested  to  alter  soil  chemistry  by  causing  increased  soil 
solution  Al  levels  (Cronan  et  al.,  1987).  On  some  minespoil 
sites  low  pH  has  been  associated  with  high  Al  levels  which  in 
turn  has  been  thought  to  cause  tree  mortality  and  decreased 
growth,  although  this  effect  is  not  always  clear  (McCormick  and 
Amendola,  1983) .  This  preliminary  study  was  conducted  to  examine 
Al  levels  in  foliage  and  bark  of  some  deciduous  broad  leaved  tree 
species  in  east-Central  Illinois  as  a  result  of  site  conditions 
and  season. 

METHODS:  Two  sites  were  used  in  this  work:  a  spoil  bank  in 
Kickapoo  State  park  and  a  site  on  the  University  of  Illinois 
campus  in  Urbana.  Detailed  site  descriptions  are  given  in  Cote 
and  Dawson  (1987)  and  Cote  et  al.  (1988)  along  with  extensive 
results  on  autumnal  retranslocation  of  leaf  N  and  leaf  S.  The 
spoil  material  was  a  product  of  surface  mining  of  coal  in  the 
early  1960 's  which  was  planted  with  black  alder  (Alnus  qlutinosa 
(L.)  Gaertn.).  At  the  time  of  sampling  the  alder  were  about  8  m 
tall.  Eastern  cottonwood  fPopulus  deltoides  Bartr.  ex  Marsh.) 
seeded  naturally  onto  the  site  and  were  an  average  of  11  m  in 
height. 
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The  Urbana  site  was  located  on  a  fine  silty,  mixed,  mesic 
Typic  Haplaquoll  prairie-derived  soil.  Black  alder  and  white 
basswood  (Tilia  heterophvlla  Vent.)  were  planted  on  the  site,  and 
were  about  15  and  11  m  tall,  respectively. 

On  each  site,  three  trees  of  each  species  were  sampled  on  2  0 
August  and  again  just  before  leaf  fall.  Three  primary  branches 
at  midcrown  were  cut  and  the  fourth  leaf  from  the  apex  of  each  of 
2  5  primary  or  secondary  branches  were  collected.  A  minimum  of  2  0 
secondary  or  tertiary  branches  representing  the  current  year's 
growth  were  also  sampled  from  each  tree  at  the  end  of  the  growing 
season.  Bark  was  separated  from  the  wood  by  peeling.  Leaves  and 
bark  were  dried  at  65°C  for  48  h  to  constant  weight  and  ground  to 
pass  a  40  mesh  sieve. 

Plant  material  was  digested  following  a  procedure  modified 
from  Parkinson  and  Allen  (1975)  .  Al  was  measured  in  the  plant 
digests  using  an  adapted  pyrocatechol  violet  technique  (Dougan 
and  Wilson,  1974) .  National  Bureau  of  Standards  pine  needles 
(54  5  mg/kg  Al)  and  citrus  leaves  (92  mg/kg  Al)  were  used  to 
evaluate  the  procedure.  Recovery  was  generally  within  10%  of  the 
known  values. 

RESULTS  AND  DISCUSSION:  Total  Al  levels  in  foliage  were 
variable  among  sample  trees  at  the  same  site  and  between  species 
(Figure  1)  .  Higher  Al  values  were  found  in  the  alders  at  both 
sites  in  comparison  with  the  other  species.  The  Urbana  alder  had 
the  highest  Al  levels  (276  -  352  mg/kg)  ,  and  the  Kickapoo 
Cottonwood  the  lowest  (17  -  3  2  mg/kg) .  There  was  little  change 
between  summer  and  fall  sampling  dates,  suggesting  little 
retranslocation  of  Al  in  the  fall.  Retranslocation  of  leaf  N  and 
leaf  S  has  been  observed  for  some  combinations  of  these  species 
and  sites  (Cote  and  Dawson,  1986;  Cote  et  al.,  1988). 

Bark  Al  was  in  general  <  4  0  mg/kg  except  for  Kickapoo  alder 
that  had  99  mg/kg  (Figure  2).  Overall,  there  was  no  linear 
relationship  between  levels  of  Al  in  bark  and  foliage.  The 
Kickapoo  alder  and  cottonwood  had  similar  levels  of  bark  and 
foliage  Al,  whereas  the  Urbana  species  had  greater  Al  in  foliage. 

Contrary  to  our  expectations,  foliage  and  bark  Al  levels 
were  not  higher  in  the  minespoil  site  than  on  the  Urbana  site. 
Soil  pH  levels  were  5.2  and  7.8  at  the  minespoil  and  prairie- 
derived  soil,  respectively  (Cote  et  al.,  1988).  Alder,  which  was 
found  at  both  sites,  had  much  higher  concentrations  of  Al  at 
Urbana.  Al  solubility  was  expected  to  be  greater  in  the  lower  pH 
soil  of  the  minespoil  site,  although  the  high  pH  of  the  prairie- 
derived  site  may  have  made  Al  available  as  A1(0H)4~.  This 
anionic  Al  could  have  been  taken  up  along  with  nutrient  cations. 


other  studies  have  found  a  wide  range  of  Al  levels  (36  -  428 
mg/kg)  in  tree  foliage  (Table  1) .  Our  levels  fall  within  this 
range,  with  the  Urbana  alder  near  the  high  end.  We  have  not 
found  any  Al  data  on  species  measured  in  this  study. 

CONCLUSIONS:  Total  Al  was  measured  in  foliage  and  bark  of 
some  species  on  a  minespoil  and  a  prairie-derived  soil  in  east- 
central  Illinois.  Concentrations  of  Al  in  foliage  and  bark  were 
higher  in  N2-fixing  black  alder  and  on  the  prairie-derived  soil. 
Foliage  Al  was  higher  than  bark  Al  levels  on  the  prairie-derived 
soil  that  "produced"  the  highest  plant  Al  levels.  Soil  Al 
availability  must  have  been  higher  on  the  prairie-derived  soil 
that  had  a  higher  pH  than  the  minespoils.  Levels  of  Al  fall 
within  the  range  observed  for  other  tree  species.  More  research 
is  needed  to  understand  plant  uptake  of  Al. 
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TABLE  1.   FOLIAGE  LEVELS  OF  Al  IN  SEVEE^AL  TREE  SPECIES  (mgAg)  • 

* 

Species  Mean  Source 

Red  Spruce 

44  a 

45  b 
15  yrs  54  c 
30  yrs  64  c 
90  yrs  88  c 

Other  Conifers 

Balsam  fir  177  b 

E.  hemlock  192  b 

E.  white  pine  170  b 

N.  white  cedar  72  b 

Pitch  pine  356  d 

Short-leaf  pine  428  d 

Hardwoods 

White  birch  101  b 

Red  maple  36  b 

Aspen  94  b 

Black  oak  50  d 

White  oak  64  d 

Black-jack  oak  50  d 

Source    a  =  Fernandez  and  Struchtemeyer ,  1984 

b  =  Young  and  Carpenter,  1976 

c  =  MacLean  and  Robertson,  1981 

d  =  Turner  et  al.,  1985 


€ 


500 


400- 


300- 


O) 

S^         200-1 


100- 


■    Summer 
□     Fall 


-   dU^, 


K-CW  U-BW        K-Alder     U-Alder 

SITE/SPECIES 


Figure  1.  Total  Al  concentrations  in  foliage  (means  and  standard 
deviations) .   K-Cw  is  Kickapoo  cottonwood,  U-BW  is 
Urbana  basswood,  K-Alder  is  Kickapoo  alder,  and  U-Alder 
is  Urbana  alder. 
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Figure  2.  Total  Al  concentrations  in  bark  (means  and  standard 
deviations) .   See  Fig.  1  for  explanation  of 
site/species. 
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INTRODUCTION 

Development  of  a  long-term  timber  management  plan  involves  identifying 
an  economically  optimum  rotation  length  (for  even- aged  management) ,  or 
largest  diameter  tree  (for  uneven- aged  managment) .   This  paper  examines 
the  influence  that  the  timber  manager  can  exert  over  the  optimum  largest 
diameter  tree  (LDT) ,  through  timber  stand  improvement  (TSI) ,   Two  ideas 
are  basic  to  this  influence.   First,  timber  prices  increase  with  tree 
size.   And  second,  timber  managers  can  exert  some  control  over  the  relation- 
ship between  tree  size  and  price  by  controlling  the  quality  and  species 
composition  of  the  stand.   To  understand  how  a  process  of  quality  control 
can  influence  the  optimum  LDT,   we  need  to  review  the  alternative  arguments 
that  have  been  used  to  establish  an  "optimum"  rotation  length;  and  the 
role,  if  any,  that  prices  play  in  each  argument. 

Both  the  forester's  notion  of  maximizing  sustained  yield  and  the 
Faustmann  argument  for  shorter  rotations  because  of  the  influence  of  a 
positive  discount  rate,  are  steady- state  concepts  (Hyde  1980,  Samuelson 
1976).   In  these  traditional  approaches  to  identifying  the  optimal  rotation 
length,  implicit  long-term  expectations  are  that  real  prices  do  not 
change  (Figure  1,  Case  I). 

Hyde  (1980)  makes  prices  explicit  in  the  optimum  rotation  length 
problem.   In  this  model,  while  prices  are  not  constant,  the  rate  of  price 
change  is.   Case  II  in  Figure  1  illustrates  the  circumstance  of  a  steady 
rise  in  prices.   Predicted  long-term  price  trends  of  this  sort  are  intro- 
duced into  Hyde's  formulation  as  a  permanent  adjustment  to  the  guiding 
discount  rate.   However,  a  question  remains:  Does  a  more  likely  pattern 
of  future  price  behavior  exist? 

Other  possible  patterns  of  price  behavior  are  described  by  Bare  and 
Waggener  (1980).   They  describe  four  alternative  patterns  in  which  the 
behavior  of  prices  from  one  rotation  (generation)  to  the  next  is  specified. 


■'■The  authors  are,  respectively.  Visiting  Assistant  Professor  and  Assistant 
Professor,  Department  of  Forestry,  University  of  Illinois,  Urbana- Champaign. 
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THE  ILLINOIS  AGRICULTURAL  EXPERIMENT  STATION  PROVIDES  EQUAL  OPPORTUNITIES  IN  PROGRAMS  AND  EMPLOYMENT 
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Figure  1:  Alternative  scenarios  of  long-term  price  behavior 

(t  =  rotation  length) 
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Figure    2:    Intra-generational   price   cycles 
(t   =   rotation   length) 


The  first  three  of  their  patterns  are  pertinent  to  the  current  discussion. 

Their  Cases  I  and  II  are  the  same  traditional  models  described  by  Hyde 

(1980)  and  discussed  above.   Their  verbal  description  of  their  Case  III 

implies  a  pattern  of  price  behavior  represented  by  "Case  III"  in  Figure 

1.   However,  a  more  detailed  interpretation  of  their  mathematical  formulation 

of  Case  III  actually  produces  the  pattern  of  price  behavior  illustrated 

in  Figure  2 . 

As  is  indicated  by  the  above  references  to  Hyde  (1980) ,  and  Bare  and 
Waggener  (1980) ;  the  theoretical  influences  of  price  behavior  patterns 
like  those  in  Figure  1  have  been  demonstrated  and  discussed.   As  with  any 
projection  of  the  future,  the  patterns  are  hypothetical.   On  the  surface, 
these  particular  patterns  would  seem  to  reflect  the  relative  role  of  the 
timber  industry  in  the  general  economy,  and  whether  that  role  is  predicted 
to  change  in  the  future.   In  contrast,  the  price  pattern  illustrated  by 
Figure  2,  reflects  market  characteristics  that  are  essentially  internal 
to  the  timber  industry.   Any  timber  market  that  recognizes  wood  quality 
in  its  price  structure  will  induce  this  kind  of  intra-generational  price 
rise,  because  as  trees  grow  they  tend  to  produce  higher  quality  wood. 

Not  only  is  it  important  to  recognize  this  kind  of  pattern  because 
of  its  prevalence,  it  is  also  important  because  it  embodies  much  of  the 
economic  context  within  which  timber  managers  act.   For  example,  through 
TSI,  managers  not  only  can  increase  growth  rates,  thereby  producing  large 
(higher  quality)  trees  sooner;  they  can  also  improve  the  quality  class 
composition  and,  in  the  case  of  mixed  stands,  the  species  composition  as 
well.   By  retaining  growing  stock  composed  of  the  highest  quality  trees, 
of  the  most  valued  species;  managers  direct  subsequent  growth  toward  stems 
predicted  to  have  the  highest  market  value.   The  effect  is  to  make  the 
average  tree  within  the  stand  become  even  more  valuable  as  it  becomes 
larger.   Through  such  improvements  the  manager  can  purposefully  exploit  the 
market  price  structure.   In  the  conceptual  model  (Figure  2),  this  exploitation 
would  be  reflected  as  a  steepening  of  the  repeated  price  trends. 

Because  trees  tend  to  produce  higher  quality  wood  as  they  grow,  any 
timber  market  that  recognizes  wood  quality  in  its  price  structure  will 
induce  this  kind  of  intra-generational  price  rise.   The  growing  of  high 
valued  upland  hardwoods  in  Illinois  is  an  example  of  a  timber  market  that 
is  sensitive  to  the  size  and  quality  of  trees.   This  study  uses  inventory 
data  from  a  good  quality  upland  hardwood  site  in  Illinois  as  the  basis 
for  growth  and  management  simulation,  and  Illinois  hardwood  stumpage 
prices  to  represent  the  market.   The  analysis  explores  the  control  which 
managers  can  exert  over  their  average  expected  sale  price,  and  the  influence 
of  that  price  control  over  the  optimal  size  tree  to  produce. 

In  the  next  section  a  theoretical  framework  for  this  discussion  is 
developed.   Following  that  are  empirical  analyses  demonstrating  the 
effect  described  above.   The  empirical  analyses  are  based  on  simulations 
of  two  contrasting  TSI  scenarios.   The  first  scenario  reflects  "average" 
circumstances,  with  the  stand  composition  and  prices  taken  directly  from 
the  empirical  evidence.   The  second  scenario  represents  an  "enhanced"  TSI 
effort  designed  to  take  advantage  of  the  market.   The  economically  optimal 


LDT  is  determined  for  each  scenario,  first  using  a  somewhat  idealized 
marginal  analysis.   A  second  optimization  is  then  performed  that  uses  the 
empirical  price  data  more  directly.   For  a  final  comparison,  hypothetical 
uneven- aged  stands  are  developed,  based  on  the  two  optimal  LDTs .   A 
periodic  harvest  from  each  of  these  hypothetical  stands  is  simulated  and 
its  sale  value  computed,  to  enable  economic  comparisons  on  a  per  acre  basis 


THEORY 

Hyde  (1980)  describes  the  Faustmann  formulation  of  the  optimum  rotation 
length  problem  under  the  standard  assumptions  of  perpetual  timber  production 
and  constant  economic  parameters  (Equation  1) .   This  formulation  ignores 
all  costs  except  the  opportunity  costs  of  land  and  capital.   Under  comparable 
cost  assumptions,  Hyde's  formulation  is  equivalent  to  the  Case  I  model 
(Figure  1)  presented  by  Bare  and  Waggener  (1980) . 


pQ(t)e'''^ 
Max  PV  =  (1) 

{1  -  e    ) 

where:  p  =  stumpage  price, 

Q(t)  =  volume  as  a  function  of  time, 
r  =  guiding  discount  rate, 
t  =  rotation  length  in  years , 

PV  =  present  value,  net  of  opportunity  costs  for  land  and  growing 
stock. 


Hyde  (1980)  also  describes  a  more  general  model  that  allows  the 
incorporation  of  constant  long-term  price  changes  (again,  only  opportunity 
costs  are  considered).   In  this  model,  the  price  parameter  (p)  remains 
constant  while  price  change  is  expressed  as  a  compound  rate  of  change 
(p) ,  and  is  introduced  as  an  adjustment  to  the  guiding  discount  rate 
(Equation  2) .   Bare  and  Waggener  (1980)  present  this  model  as  their  Case 
II  (Figure  1) . 


pQ(t)e-<'^-''>  = 
Max  PV  -  (2) 

•=        (1  -  e-^'^-'')^ 
where:  p  =  compound  rate  of  price  change. 

The  numerators  in  Equations  1  and  2  represent  the  discounting  of  the 
value  of  timber  in  year  t,  pQ(t) ,  to  its  equivalent  value  at  the  beginning 
of  the  rotation  t  years  earlier,  in  other  words  "intra- generational"  dis- 


counting.   The  denominators  discount  an  infinite  series  of  the  value 
calculated  in  the  numerator  and,  therefore,  represent  "inter- generational" 
discounting. 

Again,  with  variable  production  costs  ignored,  a  third  mathematical 
model  suggested  by  Bare  and  Waggener  (1980),  their  Case  III,  can  be 
represented  by: 

Max  PV  =  (3) 

{1  -  e    } 


It  is  the  formulation  in  Equation  3  that  this  paper  reinterprets  and 
proposes  as  a  representation  of  the  intra- generational  price  behavior 
described  in  the  introduction  (Figure  2).   In  presenting  their  Case  III, 
Bare  and  Waggener  (1980)  describe  a  scenario  in  which  harvest  value  rises 
at  an  annual  percentage  rate  over  the  first  rotation  and  remains  constant 
thereafter.   They  describe  the  initial  rise  in  value  in  terms  of  a  one- 
time rise  in  price.   Ostensibly  the  price  then  stabilizes  at  the  higher 
level  ("Case  III"  in  Figure  1).   A  more  detailed  interpretation  of  their 
mathematical  formulation  (Equation  3)  indicates  that  the  higher  harvest 
value  in  all  future  rotations  is  the  result  of  perpetually  repeating  the 
same  price  rise  scenario  ascribed  to  the  first  rotation  (Figure  2)  . 

The  numerator  in  Equation  3  summarizes  the  interaction  between  the 
discount  rate  (r)  and  the  rate  of  price  change  (p)  during  the  first  rota- 
tion, so  that  the  quantity  computed  by  the  numerator  does  indeed  reflect 
changing  prices  during  the  first  rotation.   Since  the  denominator  simply 
computes  the  value  of  a  perpetual  series  of  the  quantity  in  the  numerator, 
the  equation  implies  that  the  pattern  of  price  change  in  the  first  rotation 
must  be  characteristic  of  the  future  rotations  as  well  (Figure  2). 
Conceptually,  the  price  growth  pattern  being  focused  on  in  this  paper  is 
induced  by  management/market  interactions  during  the  growth  cycle  of  a 
tree,  and  is  a  strictly  intra- generational  phenomenon  that  repeats  with 
each  generation  of  trees.   Equation  3,  with  its  adjustment  for  price  growth 
made  only  to  the  numerator,  reflects  the  intended  concept.   Throughout 
the  remainder  of  this  paper,  Case  III  refers  to  the  formulation  in  Equation 
3  and  the  concept  represented  by  Figure  2. 

To  use  this  formulation  to  find  an  optimum  rotation  age.  Equation  3 
must  first  be  differentiated  with  respect  to  t. 


If  only  the  final  harvest  prices  are  considered,  "Case  III"  in  Figure 
1,  and  Figure  2  can  be  seen  to  represent  the  same  pattern. 
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where:  V  -  pQ(t) 


Setting  the  right  side  of  Equation  4  equal  to  zero  and  solving  for 
V'(t)/V(t)  produces  the  marginal  condition  for  the  optimal  rotation  length, 
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(5) 
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V(t)  {1  -  e 

Equation  (5)  can  be  rearranged  and  simplified  to  become: 


V'(t) 


V(t)     {1  -  e""^^) 


-  p   =  ADR3  ,,. 


where:  ADR3  =  adjusted  discount  rate  derived  from  Equation  3. 

The  left  side  of  Equation  6  represents  the  stand's  marginal  rate  of 
value  growth.   Note  that  since  V(t)  =  pQ(t)  and  p  is  constant-^,  V(t)  is 
directly  proportional  to  Q(t) .   This  implies  that  V (t)/V(t)  =  Q'(t)/Q(t), 
so  that  either  value  growth  or  volume  growth  can  be  used  to  identify  the 
optimal  rotation  age.   It  is  assumed  that  the  volume  growth  rates,  and 
consequently  the  value  growth  rates,  decrease  with  tree  age.   The  right 
side  represents  the  appropriate  adjusted  discount  rate  (ADR)  that  the 
rate  of  value  (volume)  growth  must  equal  or  just  exceed.   Therefore,  as 
the  ADR  decreases,  the  selected  V (t)/V(t)  will  decrease,  with  a  correspond- 
ingly longer  optimal  rotation. 

The  marginal  conditions  for  determining  the  optimal  rotation  under 
Cases  I  and  II  are  presented  for  comparison.   The  marginal  conditions 
under  Case  I  (Equation  7)  have  had  long-standing  recognition  (Lofgren  1983), 


The  price  parameter  p  is  constant  because  all  price  change  has  been 
isolated  in  p . 


V'(t) 


V(t)     {1  -  e"^^} 


=  ADRl 


(7) 


where:  ADRl  =  adjusted  discount  rate  derived  from  Equation  1 


The  marginal  conditions  for  Case  II  were  reported  by  Hyde  (1980) 


V'(t) 


r  -  p 


=  ADR2 


(8) 
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where:  ADR2  =  adjusted  discount  rate  derived  from  Equation  2 


Assuming  p  >   0.0,  the  following  inequalities  compare  the  marginal 
solutions  between  Cases  I  and  II,  and  between  Cases  I  and  III.   Both  rela- 
tionships can  be  seen  by  inspection. 
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These  inequalities  demonstrate  that  either  pattern  of  price  Increase 
will  justify  a  longer  rotation  than  will  an  assumption  of  constant  prices 
While  the  ADR2  formulation  reflects  a  perpetual  price  increase  that  may 
or  may  not  be  justified,  ADR3  reflects  a  price  increase  that  inherently 
accompanies  tree  growth  and  can  be  manipulated  by  the  timber  manager. 
The  role  and  empirical  significance  of  this  intra- generational  price 
increase  is  explored  in  three  separate  analyses  in  the  following  sections 
of  this  paper. 


INITIAL  MODELING 

The  economic  analyses  that  follow  are  based  on  empirical  market  evidence 
and  simulated  growth  behavior  obtained  from  the  modeling  of  a  hypothetical 
stand.   To  demonstrate  the  influence  that  management  can  have  over  stand 
composition,  the  simulated  stand  is  modeled  first  with  average  species 
and  quality  compositions.   Then  the  stand  is  modeled  to  reflect  a  timber 
stand  improvement  program  designed  to  take  advantage  of  the  market. 

The  initial  hypothetical  stand  is  based  on  the  species  composition 
and  growth  potential  of  a  mixed  upland  hardwood  stand,  on  an  above  average 
site  (white  oak  site  index  of  70)  in  southern  Illinois  (Koenig  1985) .   Five 
commercial  species  are  present  in  the  following  proportions:  red  oak, 
0.34;  hickory,  0,26;  sugar  maple,  0.17;  ash,  0.16;  and  white  oak,  0.07. 
The  stand  is  assumed  to  contain  no  non- commercial  species.   An  uneven- 
aged  stand  structure  is  created  by  combining  this  species  composition 
with  an  idealized  reverse-J  diameter  class  distribution  (Smith  and  Lamson 
1982)  having  a  residual  basal  area  of  70  square  feet,  a  1.3  Q- factor,  and 
an  LDT  of  32  inches  dbh.   The  residual  basal  area  and  the  Q- factor  are 
selected  as  reasonable  for  an  established,  uneven- aged  stand  on  an  above 
average  site.   The  32 -inch  LDT  is  initially  specified  to  provide  a  broad 
range  of  diameters,  from  which  the  optimal  LDT  will  be  determined  by  the 
analysis . 

"Average"  TSI  Scenario 

An  "average"  TSI  effort  is  simulated,  based  directly  on  the  empirical 
evidence  available.   The  Central  States  version  of  the  TWIGS  growth  model 
(Miner,  et  al.  1988)  is  used  to  simulate  the  growth  characteristics  of  the 
five  commercial  species  growing  in  the  stand  specified  above,  and  the  prices 
being  used  reflect  average  quality  class  distributions  obtained  from  the 
literature . 

Tree  Growth  and  Volume.   Growth  equations  in  the  TWIGS  model  have  been 
estimated  from  regional  data  covering  Missouri,  Illinois,  and  Indiana. 
These  underlying  data  reflect  a  range  of  management  intensities;  site 
potentials;  and  age,  size,  and  quality  characteristics.   The  result  is  that 
TWIGS  simulates  growth  rates  of  generally  average  sites,  under  no  better 
than  average  management . 

The  weighted  average  rate  of  diameter  growth  produced  by  the  TWIGS 
simulation  of  the  specified  stand  is  0.135  inch  per  year.   To  approximate 
the  improved  growth  obtainable  through  the  regular  thinnings  implied  by  the 
idealized  diameter  class  distribution  used  in  this  study,  the  growth  rates 
are  increased  to  an  average  of  0,20  inch  per  year.   The  improved  growth 
rates  are  based  generally  on  results  reported  from  thinning  upland  hardwood 
stands  (Dale  1968,  Hilt  and  Dale  1982,  and  Lamson  1983).   Both  board  foot 
and  cubic  foot  volumes  are  computed  for  each  two- inch  diameter  class, 
from  6  to  32  inches  dbh,  for  each  species. 

Tree  Age.   Present  value  calculations  require  the  age  at  which  a  tree 
reaches  each  succeeding  2 -inch  diameter  class.   An  initial  age  is  assigned 


to  the  6 -inch  diameter  class  of  each  species,  based  on  survey  work  by  Gibbs 
(1963):  sugar  maple,  40  years;  ash,  45  years;  hickory,  37  years;  white  oak, 
42  years;  and  red  oak,  38  years.   For  each  species,  the  estimated  ages  of 
all  the  larger  diameter  classes  are  derived  recursively.   That  is,  the  added 
age  of  each  succeeding  diameter  class  is  its  2  inches  of  additional  diameter 
divided  by  its  current  annual  diameter  growth  rate. 

Tree  Value.   Calculation  of  tree  values  over  time  requires  a  price 
schedule  which  is  sensitive  to  tree  size.   Basic  price  data  are  obtained 
from  reported  Illinois  stumpage  prices  (Illinois  Cooperative  Crop  Reporting 
Service  and  the  Illinois  Division  of  Forest  Resources  and  Natural  Heritage 
1987).   For  all  species,  trees  less  than  12  inches  in  diameter  are  assumed 
to  be  marketed  as  pulpwood  or  firewood;  at  a  price  equivalent  to  $0,03 
per  cubic  foot.   For  trees  of  12  inches  diameter  and  greater,  a  three 
step  process  is  used  to  estimate  the  price  schedule. 

First,  recent  Illinois  stumpage  prices  are  obtained  for  the  quality 
classes  of  sawlogs  for  the  five  relevant  hardwood  species  (Table  1) ,  and 
of  veneer  logs  for  the  two  oak  species  with  established  veneer  markets  in 
Illinois  (Table  2) .   The  second  step  is  to  estimate  the  quality  class 
distribution  for  each  species,  by  diameter  class,  based  on  averaged  data 
from  the  published  literature  (Dale  and  Brisbin  1985;  Ernst  and  Marquis 
1979;  Myer,  et  al.  1986;  and  Trimble  1965). 


Table  1.  Illinois  sawlog  stumpage  prices  (Nov.  86  -  Aug.  87) 


Quality 

Sugar 

White 

Red 

Class 

Maple 

Hickory 

Ash 
$/mbf^  . 

Oak 

Oak 

Prime 

154 

124 

281 

296 

286 

No.  1 

110 

94 

197 

190 

203 

No.  2 

46 

40 

96 

92 

103 

No.  3 

10 

18 

18 

21 

23 

Doyle  rule 


DBH 

White  Oak 
($/mbf^) 

Red  Oak 

(inches) 

($/mbf^) 

17.4-18.5 

770 

367 

19.6-21.7 

948 

395 

22.8-25.0 

1173 

460 

26.1-30.4 

1410 

488 

31.5+ 

1623 

609 

Doyle  rule. 
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The  third  step  is  to  compute  the  weighted  average  stumpage  price,  by 
diameter  class,  for  each  species.   For  example,  the  estimated  quality/size 
class  distributions  and  the  resulting  schedule  of  average  expected  prices 
for  white  oak  are  presented  in  Table  3,   Comparable  summary  tables  for 
the  other  species  are  presented  in  Appendix  A. 


Table  3:  Quality  class  distribution  by  diameter  class  and  the  resulting 
weighted  average  stumpage  price  for  Illinois  white  oak. 


DBH 
Class^ 
(in) 


12 

14 
16 
18 
20 
22 
24 
26 
28 
30 
32 


Distribution  by  Quality  Class 


Veneer 


5 

6 

7 

8 

9 

10 

11 

12 

13 


Prime 


21 
29 
37 
45 
53 
60 
67 
73 
79 


No.  1 


No.  2 


No.  3 


Price 


(%)  . . 

($/mbf^) 

80 

20 

77.80 

38 

45 

17 

117.17 

33 

33 

8 

195.40 

30 

28 

7 

226.95 

27 

23 

6 

249.60 

24 

18 

5 

290.25 

21 

13 

4 

336.48 

18 

9 

3 

361.71 

15 

5 

2 

386.94 

11 

4 

435.42 

8 

460.03 

^  Variation  in  stem  quality  is  irrelevant  to  the  single  price  that  is 
used  for  diameter  classes  less  than  12  inches. 


"  Doyle  rule 


"Enhanced"  TSI  Scenario 


"Enhanced"  management  in  the  uneven-aged  stand  is  imagined  to  be  more 
discriminating  in  selecting  crop  trees  during  TSI,  so  that  not  only  are 
maximum  growth  rates  maintained,  but  that  growth  is  accumulated  on  the 
highest  valued  trees.   Such  a  management  regimen  is  expected  to  result  in 
two  basic  market  advantages,  over  the  "average"  scenario.   First,  it  is 
assumed  that  selection  cutting  can  effect  a  significant  shift  in  the  quality 
distribution  of  the  residual  stand.   This  improvement  is  approximated  by 
shifting  half  of  the  trees  one  grade  class  higher.   This  shift  is  restricted 
by  diameter  limits  specified  by  conventional  merchantability  standards. 
Table  4  can  be  compared  to  Table  3  to  see  how  these  shifts  have  affected 
the  quality  class  distribution  and  composite  prices  for  white  oak. 
Again,  comparable  tables  for  the  other  species  are  in  Appendix  A. 
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Table  4.  Improved  quality  class  distribution  by  diameter  class  with  the 
resulting  weighted  average  stumpage  price  for  white  oak. 


DBH 

Distribut 

ion  by  Qua 

ilitv  Class 

Class^ 

Veneer 

Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  .  . 

($/mbf'^) 
84.90 

12 

90 

10 

14 

65 

27 

8 

150.02 

16 

29 

23 

26 

18 

4 

358.18 

18 

32 

26 

23 

16 

3 

439.37 

20 

36 

28 

20 

13 

3 

474.75 

22 

40 

31 

17 

10 

2 

602.88 

24 

43 

34 

14 

7 

2 

740.40 

26 

46 

36 

12 

5 

1 

782.77 

28 

49 

38 

9 

3 

1 

823.45 

30 

52 

40 

6 

2 

975.60 

32 

55 

41 

4 

1021.61 

^  Variation  in  stem  quality  is  irrelevant  to  the  single  price  that  is 
used  for  diameter  classes  less  than  12  inches. 


"   Doyle  rule 


The  second  tactic  for  enhancing  average  price  growth  is  the  favoring 
of  veneer  species  (the  oaks)  as  the  trees  approach  veneer  size.   This 
effect  is  approximated  by  gradually  increasing  the  percentage  of  oaks  in 
the  veneer  size  classes  (18  inches  and  greater)  and  making  compensating 
reductions  in  the  percentage  of  non-veneer  species  (Table  5) .   This  shift 
in  species  composition  coincidentally  produces  an  increase  in  the  weighted 
average  growth  rate  among  the  affected  diameter  classes.   The  species 
distributions  in  the  6-16  inch  diameter  classes  are  unaffected  by  this  tactic 

Costs  and  Discount  Rate. 

The  economic  analyses  in  this  study  are  based  on  comparisons  of  the 
present  value  of  alternative  forest  management  scenarios.   The  present 
value  calculations  account  for  the  capital  costs  related  to  the  growing 
stock  of  both  the  present  and  future  stands,  but  do  not  explicitly  include 
operating  costs.   However,  the  analyses  do  account  for  operating  costs 
implicitly.   The  use  of  stumpage  prices  effectively  makes  harvest  costs 
irrelevant,  and  other  costs  are  assumed  to  be  generally  consistent  between 
alternatives  so  that  relative  comparisons  will  be  valid.   In  particular, 
differences  between  the  alternative  levels  of  TSI  are  assumed  to  be  in 
the  quality,  not  the  number,  of  trees  removed  during  selection  cuts;  so 
that  actual  removal  costs  associated  with  the  TSI  alternatives  will  be 
similar. 
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Table  5.  Adjusted  species  distribution  by  diameter  class 
illustrating  the  favoring  of  species  with  veneer  markets 

DBH       Distribution  by  Species 

Class 
(in) 

6 

8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 


Maple 

Hickorv 

Ash 
. .  (%)  .  .  . 

W.  Oak 

R.  Oak 

17 

26 

16 

7 

34 

17 

26 

16 

7 

34 

17 

26 

16 

7 

34 

17 

26 

16 

7 

34 

17 

26 

16 

7 

34 

17 

26 

16 

7 

34 

15 

23 

14 

10 

38 

13 

20 

12 

13 

42 

11 

17 

10 

17 

46 

9 

13 

8 

20 

50 

7 

10 

6 

23 

54 

5 

7 

4 

26 

58 

3 

4 

2 

30 
34 

62 
66 

In  the  initial  present  value  calculations,  an  annual  discount  rate 
of  4.0  percent  is  used.   The  real  discount  rate  of  4.0  percent  per  year 
represents  the  estimated  cost  of  capital  used  by  private  industry  for 
long-term  planning  (Row,  Kaiser,  and  Sessions  1981).   If  the  owner  of  an 
uneven-aged  timber  stand  receives  additional  benefits,  monetary  or  otherwise, 
from  that  ownership  which  are  not  derived  from  the  timber  production 
enterprise  itself,  the  rate  of  return  appropriately  charged  to  timber 
growing  can  be  significantly  lower  (McCauley  and  Trimble  1972). 

TSI  Influence  on  Prices 

The  results  produced  by  the  "average"  and  "enhanced"  TSI  scenarios 
are  summarized  in  Table  6.   The  contrast  in  prices  is  the  primary  difference 
produced  by  the  alternative  TSI  scenarios.   A  second  contrast  that  is  of 
importance  is  the  faster  average  growth  indicated  by  the  larger  trees 
being  younger.   These  age  differences  become  important  in  present  value 
calculations.   The  slight  differences  in  volumes  are  due  to  incidental 
rounding  during  the  computations.   These  results  are  used  in  three  economic 
analyses.   The  first  is  an  idealized  appplication  of  a  marginal  analysis 
approach  closely  following  the  theory  presented  earlier.   The  second 
analysis  uses  a  direct  search  for  the  LDT  associated  with  the  maximum 
present  value.  In  this  approach,  the  price  schedules  are  not  idealized. 
The  third  analysis  uses  whole -stand  models  to  assess  the  economic  behavior 
of  the  optimal  stands  on  a  per  acre  basis. 
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Table  6.  Composite  ages,  volumes,  and  prices  for  "average"  and 
"enhanced"  TSI  scenarios^, 


DBH 

It 

Average"  TSI 

II 

Enhanced" 

TSI 

Class 

Age 

Vol /Tree 
(ft^) 

Price 

Age 

Vol/Tree 

I   Price 
($/ft-^) 

(in) 

(yrs) 

($/ft^) 

(yrs) 

(ft^) 

6 

35 

2.8 

0.03 

32 

2.8 

0.03 

8 

45 

5.8 

0.03 

42 

5.8 

0.03 

10 

55 

10.3 

0.03 

52 

10.3 

0.03 

12 

65 

16.4 

0.27 

62 

16.4 

0.31 

14 

74 

24.0 

0.45 

72 

24.0 

0.59 

16 

84 

33.4 

0.72 

82 

33.4 

0.96 

18 

94 

44.3 

0.80 

90 

44.3 

1.15 

20 

104 

56.8 

0.86 

98 

56.8 

1.30 

22 

116 

70.6 

0.93 

108 

70.1 

1.66 

24 

129 

85.4 

1.00 

119 

84.7 

2.05 

26 

142 

101.1 

1.06 

131 

100.1 

2.30 

28 

157 

117.3 

1.10 

143 

116.2 

2.58 

30 

179 

133.7 

1.17 

159 

132.5 

3.29 

32 

213 

150.0 

1.19 

173 

148.7 

3.70 

^  Differences  in  ages  and  volumes  reflect  the  effect  of  favoring  veneer 
species.   Differences  in  price  reflect  both  the  species  shift  and  an 
improvement  in  stem  quality. 


IDEALIZED  MARGINAL  ANALYSIS 

The  intra-generational  price  growth  described  in  the  theory  section 
assumes  a  market  price  structure  that  is  sensitive  to  quality.   The 
effect  of  such  a  price  structure  can  be  enhanced  by  a  timber  manager 
through  a  regimen  of  periodic  TSI.   This  combination  of  management  circumstan- 
ces is  perhaps  best  represented  by  an  uneven-aged  stand  of  high  value 
hardwoods,  like  the  one  selected  for  modeling. 

The  optimization  solutions  in  Equations  6-8  can  be  applied  to  uneven- 
aged  management  by  redefining  V(t).   Instead  of  representing  the  value 
produced  by  an  entire  even-aged  stand  in  (t)  years,  V(t)  can  represent  the 
value  produced  in  (t)  years  by  a  "prototype  tree"  growing  in  an  uneven-aged 
stand.   Murphy  and  Guldin  (1987)  suggest  this  approach  for  identifying  the 
financially  optimal  time  to  harvest  a  tree  in  an  uneven- aged  stand.   Their 
approach  finds  the  age  (diameter)  at  which  the  prototype  tree  should  be 
harvested  to  maximize  its  present  net  value,  taking  into  account  the  value 
of  the  generations  of  prototype  trees  to  be  perpetuated  in  the  same  growing 
space.   The  prototype  tree  is  conceptually  a  composite  of  the  tree  species 
making  up  the  stand,  and  the  optimal  harvest  size  is  referred  to  as  the 
largest  diameter  tree  (LDT) . 

The  composition  and  biological  behavior  of  the  prototype  tree  are 
based  on  the  initial  modeling  of  the  upland  hardwood  site  in  Illinois. 
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Composite  prices  are  computed  to  reflect  both  the  species  and  quality 
composition  of  the  prototype  tree  (Table  6) .   With  both  the  composite  age 
and  the  composite  price  estimated  for  each  diameter  class,  a  time  series 
of  prices  could  be  produced  (columns  2  and  3  of  Table  7).   In  concept,  this 
price  series  can  be  investigated  just  like  any  other  time  series  of 
prices.   However,  there  are  significant  problems  involved  in  representing 
such  a  series  with  a  single  rate -of -change  parameter.   For  one  thing,  the 
relationship  between  market  price  and  diameter  class  is  characterized  by 
price  jumps  and  plateaus.   Nautiyal  (1983)  provides  a  detailed  discussion 
of  the  difficulties  involved  in  dealing  with  this  characteristically 
erratic  price  behavior. 


Table  7.  Comparison  of  composite  ages  and  prices  with  TSI  efforts  first 
indifferent  to  and  then  exploiting  market  potential. 


"Average" 

Management 

"Enhanced" 

'  Management 

DBH 

Composite 

Composite 

Composite 

Composite 

Class 

Aee 

Price 

Aee 

Price 

($/ft^) 

($/ft-^) 

0 

.03^ 

0 

.03^ 

12 

65 

.12 

62 

.14 

14 

74 

.24 

72 

.32 

16 

84 

.44 

82 

.59 

18 

94 

.53 

90 

.90 

20 

104 

.61 

98 

1.01 

22 

116 

.70 

108 

1.26 

24 

129 

.78 

119 

1.39 

26 

142 

.89 

131 

1.63 

28 

157 

1.03 

143 

1.99 

30 

179 

1.17 

159 

2.87 

32 

213 

1.35 

173 

3.44 

Rate  of 

Price  Change 

Pa  = 

1.81% 

Pe   = 

2.69% 

^  This  price  approximates  the  price  paid  for  firewood  and  is  assumed  to 
be  available  from  year  zero. 


There  is  a  second  problem  that  is  even  more  troublesome  to  the  idea 
of  estimating  a  rate  of  price  growth  meant  to  operate  over  the  entire  life 
cycle  of  a  tree  or  stand.   The  concept  of  an  annual  percentage  rate  of 
price  change  is  meaningless  if  the  initial  price  is  zero,  and  yet  it  is 
difficult  to  defend  a  price  greater  that  zero  for  trees  that  have  just 
been  established.   The  pragmatic  solution  to  this  problem  is  to  determine 
the  price  that  would  be  paid  for  the  first  possible  product  yielded  by  a 
composite  hardwood  tree  (e.g.,  firewood),  and  assume  that  this  price  applies 
from  year  zero. 

For  this  investigation,  an  estimate  of  p    is  obtained  by:  1)  computing 

the  annual  percentage  rate  of  price  change  between  the  firewood  price 
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($0.03/ft'^)  at  year  zero,  and  the  composite  price  of  the  32  inch  diameter 
class  ($1.35/ft  )  at  a  composite  age  of  210  years;  and  2)  converting  the 
result  to  an  equivalent  continuous  rate  of  change.   The  result  is  a 
compound  rate  of  price  increase  (p^)  °^  1.81%. 

The  ability  of  managers  to  influence  growth  rates  and  increase  the 
effective  prices  available  to  their  own  timber  production  enterprises 
through  their  TSI  activities  has  been  simulated  by  the  "enhanced"  TSI 
scenario  described  in  the  initial  modeling  section.   Under  this  "enhanced" 
TSI  scenario,  the  composite  prices  (columns  4  and  5  in  Table  7)  are 
calculated  in  the  same  manner  as  described  above  for  the  average  prices . 
The  resulting  enhanced  compound  rate  of  price  growth  (p^)  is  2.69%. 

Results  of  Marginal  Analysis 

Assuming  continuous  compounding,  the  real  discount  rate  (r)  is  set  equal 
to  3.92%,  which  is  equivalent  to  the  4.0  percent  rate  of  return  under 
annual  compounding.   Equations  6  and  7  are  used  to  compute  the  alternative 
ADRs .   Assuming  prices  remain  constant,  ADRl  reflects  the  Faustmann 
correction  for  incorporating  the  opportunity  cost  of  delaying  the  regeneration 
of  future  prototype  trees.   ADR3  incorporates  the  same  adjustment  for 
future  timber  production,  but  it  also  includes  the  intra- generational 
price  change.   To  demonstrate  the  impact  that  management  can  have  on  the 
adjustment  provided  by  the  ADR3  formulation,  the  computations  are  performed 
for  the  two  intensities  of  management.   Implementing  an  enhanced  management 
regime  has  an  insignificant  effect  on  the  guiding  discount  rate   computed 
using  Equation  7  (ADRl).   Comparing  the  ADRl  result  with  the  ADR3  results 
in  Table  8  shows  that  recognizing  intra-generational  price  growth  can 
have  a  significant  effect  on  the  guiding  discount  rate,  and  that  management 
can  further  enhance  that  effect. 

Computations  performed  using  Equation  8,  assuming  the  same  p,  produced 
the  ADR2  results  reported  in  Table  8.   These  results  are  included  to  allow 
comparison  between  the  computational  effects  of  the  Case  II  (perpetual 
price  change)  and  Case  III  (intra-generational  price  change)  models. 

An  objective  of  this  investigation  is  to  examine  the  influence  that 
management  can  have  on  the  economically  optimal  LDT  for  a  stand  of  uneven- 
aged,  mixed  hardwoods.   The  marginal  conditions  for  an  economically 
optimal  LDT  is  for  the  marginal  rate  of  value  growth,  V'(t)/V(t),  to 
equal  or  just  exceed  the  "properly"  adjusted  guiding  discount  rate. 
Recall  from  the  theory  section  that,  since  the  price  parameter  (P)  is 
actually  held  constant,  V (t)/V(t)  =  Q' (t)/Q(t) .   This  allows  the  marginal 
conditions  for  optimality  to  also  apply  to  the  more  easily  computed  rate 
of  volume  growth. 


The  only  effect  on  Equation  7  is  through  the  smaller  t  produced  by  the 
featuring  of  veneer  species  which  coincidentally  exhibit  higher  growth 
rates  than  non-veneer  species. 
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Table  8.  Adjusted  guiding  discount  rates^  under  alternative  price  effect 
models  and  management  intensities. 


Case  I' 


Case  11*^ 


Case  III< 


Average  Management 

.  Pa  =  1-81% 

•  t  =  210  years^     ADRl  =  3.92%    ADR2(a)  =  2.14%    ADR3(a)  =  2.11% 


Enhanced  Management 

•  Pe  =  2.69% 

•  t  =  175  years® 


ADR2(e)  =  1.39%    ADR3(e)  =  1.23% 


The  unadjusted  guiding  discount  rate  (3.92%)  is  the  continuous  rate 

equivalent  to  an  annual  rate  of  return  of  4.00%. 

Case  I:  derived  using  Equation  7. 

Case  II:  derived  using  Equation  8. 

Case  III:  derived  using  Equation  6. 

The  average  age  associated  with  the  highest  priced  (32  inch)  diameter 

class  varies  between  management  scenarios. 


The  marginal  rate  of  volume  growth  that  is  characteristic  of  each 
two  inch  diameter  class  can  be  computed  and  compared  to  the  appropriate 
guiding  discount  rate  to  identify  the  optimal  diameter  class  for  the  IDT. 
Table  9  displays  the  optimal  solutions  suggested  by  both  the  standard 
Faustmann  formulation  (Case  I)  and  the  proposed  intra- generational  price 
growth  formulation  (Case  III) .   To  demonstrate  the  added  influence  that 
management  can  have  on  the  optimum,  both  solutions  have  been  recalculated 
from  the  enhanced  management  data. 

Since  both  the  forester's  maximum  sustained  yield  and  Faustmann' s 
economic  formulation  are  steady-state  concepts,  the  solutions  that  they 
provide  can  serve  as  useful  reference  points  for  judging  the  significance 
of  the  intra- generational  price  effect.   In  Table  9,  the  Faustmann  solu- 
tion (ADRl)  identifies  the  16  inch  diameter  class  as  optimal.   The  idea 
of  maximizing  sustained  yield  suggests  that  each  generation  of  trees  (each 
prototype  tree)  be  cut  when  its  average  annual  increment  of  growth  (volu- 
me/age) reaches  its  maximum.   For  the  example  prototype  tree,  this  maximum 
is  reached  with  the  28  inch  diameter  class. 
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Table  9.  Numerical  example  of  the  influence  of  intra- generational  price 
growth  on  the  optimal  size  LPT. 


DBH 

Volume 

"Average" 

Management 

"Enhanced" 

Manasement 

Class 

Per  Tree 

Age 

Voli 

ume  Growth^ 
(%) 

Age 

Voli 

Lime  Growth^ 
(%) 

14 

24 

74 

6.1 

72 

6.1 

16 

33 

84 

4.8^ 

82 

4.8 

18 

45 

94 

3.8 

90 

4.5 

20 

57 

104 

3.1 

98 

4.0 

22 

71 

116 

2.5^ 

108 

2.9 

24 

85 

129 

1.6 

119 

2.1 

26 

101 

142 

1.6 

131 

1.8^ 

28® 

117 

157 

1.7 

143 

1.9 

30 

134 

179 

0.6 

159 

1.1 

32 

150 

213 

0.6 

173 

1.1 

^  Growth  is  the  marginal  annual  rate  of  volume  growth  (in  percent), 

expressed  as  an  equivalent  continuous  rate. 
°  Identifies  rate  of  volume  growth  >  ADRl  -  3.92%  (Faustmann  formulation) 
^  Identifies  rate  of  volume  growth  >  ADR3(a)  =  2.11%  (intra- generational 

price  growth  formulation,  average  management) . 
^  Identifies  rate  of  volume  growth  >  ADR3(e)  =  1.23%  (intra -generational 

price  growth  formulation,  enhanced  management). 
®  Diameter  class  where  Vol/Age  is  maximum. 


According  to  conventional  economic  wisdom,  these  two  concepts  general- 
ly bracket  the  reasonable  solutions  to  the  optimum  rotation,  or  LDT, 
problem-'  (Hyde  1980,  Samuelson  1976).   In  the  example,  since  the  range  of 
reasonable  debate  about  the  optimum  LDT  is  between  the  16  and  28  inch  diameter 
classes;  the  results  in  Table  9  illustrate  that  plausible  intra-generation- 
al  price  changes  can  produce  a  considerable  shift  in  the  optimum  LDT. 
Assuming  only  average  price  increases  as  the  trees  grow,  the  optimum  LDT 
is  increased  to  22  inches.   By  managing  the  stand  to  take  advantage  of 
the  price  increases,  the  manager  in  this  example  can  justify  a  further 
increase  in  the  optimum  LDT  to  26  inches.   The  relationships  between  the 
traditional  steady- state  solutions,  and  the  shifts  produced  by  the  intra- 
generational  price  trends  are  illustrated  in  Figure  3. 


Exceptions  to  this  general  statement  can  be  generated  by  considering 
either  very  high  price  premiums  for  large  trees  (which  would  suggest  an 
economic  optimum  LDT  larger  than  the  biological  optimum) ,  or  a  negative  price 
trend  (which  would  effectively  augment  the  discounting  effect  and  lead  to 
a  further  shortening  of  the  Faustmann  solution) . 
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Figure  3:  Alternative  marginal  solutions  to  optimal  LDT  problem. 


This  analysis  has  recognized  no  costs  (other  than  the  opportunity  costs 
of  land  and  capital) .   Expanding  the  analysis  to  explicitly  include 
variable  production  costs  would  be  expected  to  make  the  relative  differences 
among  the  economic  models  and  the  management  scenarios  less  pronounced. 
The  marginal  effect  of  recognizing  real  costs  would  be  to  lengthen  any 
economic  optimum  rotation  including  the  Faustmann  solution  .   This  will 
reduce  the  range  between  the  Faustmann  and  the  maximum  sustained  yield 
solutions,  thereby  reducing  the  likely  range  of  difference  that  the 
adjustment  for  price  growth  can  make.   However,  incorporating  costs  into 
the  two  management  scenarios  should  not  greatly  affect  their  relative 
results.   The  differences  between  the  average  and  enhanced  TSI  efforts 
are  intended  to  be  primarily  qualitative,  not  quantitative.   The  differen- 
ces have  to  do  with  which  trees  to  remove  during  TSI,  not  how  many. 
Therefore,  the  difference  in  cost  of  implementing  the  "average"  and  the 
"enhanced"  TSI  programs  is  not  envisioned  as  very  great. 


ft  .... 

The  intuitive  reasoning  is  that  there  is  an  economic  benefit  to  minimizing 

the  frequency  at  which  costs  (e.g.,  production  costs)  are  incurred. 

Therefore,  recognizing  the  costs  associated  with  a  rotation  will  tend  to 

increase  its  optimal  length. 
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Summary  of  Marginal  Analysis 

It  is  a  widespread  characteristic  of  timber  markets,  that  large 
trees  are  worth  more  per  unit  of  physical  volume  than  small  trees.   This 
is  true  because:  1)  large  trees  contain  a  greater  proportion  of  high 
quality  wood,  and  2)  the  conversion  of  measured  physical  tree  volume 
(e.g.,  cubic  feet)  into  measured  market  volume  (e.g.,  board  feet)  becomes 
more  efficient  as  tree  size  increases.   This  characteristic  pattern  of 
timber  market  prices  is  an  important  determinant  in  the  timber  managers' 
decisions  of:  what  trees  to  feature  to  best  improve  the  composition  of 
their  growing  stock,  and  when  to  harvest  the  featured  trees.   The  reported 
analysis  suggests  that  this  kind  of  purposeful  timber  management,  which 
may  be  economically  rational  only  in  the  relatively  near  term,  can  have 
the  real  effect  of  increasing  the  economically  optimal  LDT,  at  least  in 
an  uneven-aged  stand  of  high  value  hardwoods. 

The  influence  of  intra- generational  price  patterns  is  a  management 
reality  that  seems  profoundly  characteristic  of  the  forestry  industry, 
and  should  be  included  in  financial  maturity  computations.   Because  of 
complex  underlying  management  and  economic  circumstances,  empirical 
size/price  relationships  often  contain  price  jumps  or  plateaus  that  are 
perhaps  only  temporary.   If  the  detailed  size/price  data  are  used  directly 
in  economic  analyses,  these  patterns  may  be  significant  enough  to  dominate 
the  biological  or  other  economic  influences  being  analyzed,  producing 
conclusions  that  are  essentially  artifacts  of  a  particular  erratic  price 
change.   It  seems  conceptually  inappropriate  to  draw  long-term  conclusions 
(e.g.,  optimum  rotation  length  or  LDT)  from  specific,  perhaps  transient, 
circumstances.   Even  though  the  estimation  of  p   is  made  difficult  by  the 
same  underlying  complexities  and  erratic  data,  once  a  representative  p   has 
been  obtained,  subsequent  economic  analysis  can  be  generalized  as  a 
reflection  of  the  overall  price  trend.   In  concept,  such  an  approach 
seems  more  approriate  for  drawing  long-term  conclusions. 


EMPIRICAL  APPLICATION 

Two  less  idealized  empirical  analyses  are  also  performed,  based  on 
the  same  initial  modeling  of  the  Illinois  upland  hardwood  site  and  Illinois 
hardwood  stumpage  prices.   The  analyses  are  less  idealized  in  the  sense 
that  the  intra- generational  price  changes  are  not  summarized  as  estimated 
trends.   The  prices  that  were  initially  computed  for  each  diameter  class 
are  used  directly.   The  analyses  again  explore  the  control  which  managers 
can  exert  over  the  average  expected  sale  price  of  their  timber,  and  the 
influence  of  that  price  control  over  the  optimal  size  tree  to  produce. 
The  first  analysis  optimizes  the  LDT  of  the  composite  prototype  tree, 
while  the  second  analysis  demonstrates  whole-stand  results  on  a  per  acre 
basis . 

Prototype  Tree  Analysis 

This  analysis  attempts  to  answer  the  same  theoretical  question  as 
the  idealized  marginal  analysis.   However,  the  optimal  LDT  is  found  by 
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directly  searching  the  present  values  computed  for  all  possible  diameter 

classes .   This  direct  search  approach  allows  for  a  maximum  present  value 

to  be  identified,  even  when  the  underlying  relationship  between  tree 

value  and  time  (or  tree  size)  is  not  well  behaved  (e.g.,  when  the  relationship 

between  tree  size  and  stumpage  price  is  characterized  by  jumps  and  plateaus) . 

As  described  in  the  discussion  pertaining  to  the  marginal  analysis, 
the  prototype  tree  should  be  harvested  to  maximize  its  present  value, 
taking  into  account  the  value  of  future  generations  of  prototype  trees  to 
be  perpetuated  in  the  same  growing  space.   In  this  analysis  the  present 
value  of  the  prototype  tree  is  computed  for  each  2 -inch  diameter  class, 
and  the  maximum  present  value  identifies  the  optimal  LDT.   Determining 
the  optimal  largest  diameter  "average"  and  "enhanced"  prototype  trees 
demonstrates  the  important  difference  between  the  two  TSI  scenarios. 
With  a  prototype  tree  reflecting  average  stand  conditions,  the  optimum 
LDT  is  the  16  inches  (Table  10) .   When  management  can  periodically  tailor 
the  quality  and  species  composition  of  the  growing  prototype  tree,  to 
exploit  expected  market  prices;  the  size  of  the  optimal  LDT  is  increased 
to  22  inches. 


Table  10.  Current  and  discounted  tree  values  for 
"enhanced"  TSI  scenarios. 


'average"  and 


DBH 

"Average" 

TSI 

1 

"Enhanced" 

TSI 

Class 

Ape 
(yrs) 

Value 
($/tree) 

pya 

Ape 
(yrs) 

Value 
($/tree) 

PV^ 

(in) 

($/tree) 

($/tree) 

6 

35 

0.08 

0.028 

32 

0.08 

0.033 

8 

45 

0.17 

0.036 

42 

0.17 

0.042 

10 

55 

0.31 

0.041 

52 

0.31 

0.046 

12 

65 

4.46 

0.384 

62 

5.15 

0.497 

14 

74 

10.73 

0.616 

72 

14.08 

0.890 

16 

84 

23.96 

0.914^ 

82 

32.15 

1.346 

18 

94 

35.23 

0.908 

90 

50.80 

1.537 

20 

104 

48.56 

0.838 

98 

73.61 

1.614 

22 

116 

65.58 

0.716 

108 

116.11 

1.708^ 

24 

129 

85.59 

0.547 

119 

173.74 

1.652 

26 

142 

106.95 

0.405 

131 

230.36 

1.364 

28 

157 

129.23 

0.275 

143 

330.84 

1.221 

30 

179 

156.36 

0.140 

159 

435.73 

0.857 

32 

213 

179.00 

0.042 

173 

550.19 

0.625 

^  Present  value  of  a  perpetual  series  in  which  "Value"  is  received 

periodically,  at  the  frequency  specified  by  "Age";  discounted  at  4.0% 
per  year. 

"  Maximum  PV. 


As  can  be  seen,  the  optimal  LDTs  identified  with  this  approach  are 
smaller  for  both  the  "average"  and  "enhanced"  TSI  scenarios,  than  the 
results  produced  by  the  idealized  marginal  analysis.   This  difference 
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illustrates  the  importance  of  irregularities  between  tree  size  and  stumpage 
price  that  may  exist  at  any  particular  time.   Such  irregularities  are 
characteristic  of  pricing  that  covers  a  number  of  product  classes  with 
obviously  different  market  values,  such  as  pulpwood,  sawtimber,  and 
veneer.    However,  even  with  the  reduced  effect  of  price  growth,  the 
manager  is  better  off  by  being  aware  of  market  preferences  and  tailoring 
the  composition  of  the  stand  accordingly. 


Stand  Analysis 

For  a  final  comparison,  hypothetical  uneven-aged  stands  are  developed, 
based  on  the  two  optimal  LDTs .   A  periodic  harvest  from  each  of  these 
hypothetical  stands  is  simulated  and  its  sale  value  computed,  to  enable 
economic  comparisons  on  a  per  acre  basis.   The  prototype  tree  analysis 
permits  comparison  of  the  alternative  TSI  scenarios,  but  only  in  terms  of 
their  optimal  LDTs.   Questions  about  profitability  on  a  per  acre  basis 
still  remain.   To  investigate  these  questions,  hypothetical  stands  are 
constructed  using  the  Smith  and  Lamson  (1982)  guidelines.   The  stands  are 
based  on  the  two  optimal  LDTs  in  combination  with  the  earlier  assumptions 
of  a  residual  basal  area  of  70  square  feet  and  Q- factor  of  1.3. 

For  each  hypothetical  timber  stand,  the  TWIGS  model  is  used  to  simulate 
the  volume  increase  in  sawtimber,  pulpwood,  and  residues;  over  a  specified 
growth  period.   The  differences  in  the  volumes  before  and  after  the  growth 
period  are  assumed  to  be  incremental  volumes  that  can  be  removed  without 
reducing  the  initial  level  of  growing  stock  (Table  11) .   As  a  sensitivity 
check,  the  simulations  are  repeated  for  three  growth  periods  or  re-entry 
intervals:  5,  10  and  15  years. 

The  prices  shown  in  Table  11  are  derived  from  the  same  price  data  used 
in  the  prototype  tree  analyses.   The  constant  price  of  $0.03  per  cubic  foot 
for  pulpwood  and  residues  reflects  the  base  value  for  all  wood  fiber  that 
is  not  either  sawtimber  or  veneer.   The  stumpage  prices  for  the  sawtimber 
category  (which  includes  veneer)  are  weighted  averages  based  on  the 
species  composition  and  size  distribution  of  the  trees  at  harvest.   Present 
values  (PV)  of  all  simulated  periodic  harvest  revenues  are  computed 
assuming  that  periodic  revenues  will  be  repeated  in  perpetuity,  real 
prices  will  remain  constant,  and  the  applicable  real  discount  rate  is  4.0 
percent. 

The  per  acre  results  produced  by  the  stand  analysis  are  consistent 
with  the  results  obtained  from  the  prototype  tree  analysis,  and  show  that 
PV  is  maximized  with  the  22 -inch  LDT  and  the  5 -year  re-entry  period 
(Table  11) .   They  further  suggest  that  a  management  plan  designed  to  produce 
all  product  classes  up  to  large  sawtimber  is  profitable.   This  is  true 
even  with  an  "average"  TSI  effort  that  is  silviculturally  adequate,  but 
is  indifferent  in  terms  of  pursuing  market  value.   When  a  TSI  program  is 
implemented  that  aggressively  emphasizes  relative  market  value  in  the 
selection  of  the  crop  trees,  higher  profits  are  available  and  growing 
veneer-sized  trees  is  justified. 
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Table  11.  Volumes^,  prices^,  revenues^,  and  present  values^  for  management 
scenarios  for  an  uneven- aged  upland  hardwood  stand. 

16  Inch  Largest  Diameter  Tree 

5  Year  Re-entry    10  Year  Re-entry   15  Year  Re-entry 
(ft^)  ($/ft^)  ($)   (ft^)  ($/ft^)  ($)   (ft^)  ($/ft^)  ($) 

Sawtimber    279  0.28  78  491  0.32  157  847  0.32  271 

Pulpwood      27  0.03  1  149  0.03  4  142  0.03  4 

Residue      138  0.03   4  291  0.03   9  453  0.03  _iA 

Total  Revenue  83  170  289 

PV  383  354  361 

22  Inch  Largest  Diameter  Tree 

5  Year  Re-entry    10  Year  Re-entry   15  Year  Re-entry 
(ft^)  ($/ft^)  ($)   (ft^)  ($/ft^)  ($)   (ft^)  ($/ft^)  ($) 

Sawtimber    205  0.56  115  360  0.64  230  605  0.62  375 

Pulpwood      30  0.03  1  122  0.03  4  130  0.03  4 

Residue      111  0.03   3  230  0.03   Z  354  0.03  _11 

Total  Revenue  119  241  390 

PV  550  502  487 

^  Volume  per  acre. 

°   Prices  are  averages  weighted  by  the  number  of  trees  in  each  2 -inch 

diameter  class  at  end  of  growth  period. 
^  Periodic  revenue  per  acre. 

Present  value  of  a  perpetual  series  in  which  "Total  Revenue" 

is  received  periodically,  at  the  frequency  specified  for  re-entry, 

and  discounted  at  an  annual  rate  of  4.0  percent. 


The  optimal  re-entry  period  for  both  the  "average"  and  "enhanced" 
scenarios  is  shown  to  be  5  years;  which  suggests  that  with  the  relatively 
large  sizes  of  the  optimal  LDTs ,  the  physical  growth  rates  may  have  leveled 
off,  so  that  both  quality  control  and  harvest  must  be  relatively  frequent 
to  obtain  the  benefits  implied  by  the  optimization. 

Establishment.  Conversion  and  the  Discount  Rate 

It  should  be  kept  in  mind  that  this  analysis  reflects  the  relative 
performance  of  contrasting  uneven-aged  stands  that  are  fully  established. 
It  was  not  intended  to  examine  the  overall  viability  of  purchasing  or 
establishing  an  uneven-aged  stand  of  hardwoods  as  an  investment.   The 
analyses  assume  that  owners  of  such  stands  receive  sufficient  overall 
benefits  from  their  investment  to  remain  owners.   However,  the  comparison 
of  two  different  uneven-aged  stands  does  imply  a  relevant  question  concerning 
the  economics  of  conversion:  Could  the  owner  of  an  established  16 -inch 
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LDT  stand  afford  to  make  the  necessary  sacrifice  to  convert  to  the  higher 
valued  22 -inch  stand? 

If  we  assume  that  the  16 -inch  LDT  stand  could  be  converted  to  the 
22 -inch  stand  in  24  years  (the  difference  in  the  ages  of  the  respective 
optimal  LDTs ,  from  Table  7),  we  can  discount  the  present  value  of  the  22- 
inch  LDT  stand  ($550),  for  24  years,  producing  a  result  ($214)  that  can 
be  compared  directly  to  the  present  value  of  the  16 -inch  LDT  value. 
Since  the  present  value  of  the  16- inch  stand  is  $383,  we  can  see  that  if 
the  conversion  required  a  complete  suspension  of  revenues  for  24  years, 
it  would  not  pay.   However,  if  an  "enhanced"  TSI  effort  were  adopted,  the 
effect  would  be  to  temporarily  lower  the  average  quality  and  size  of  the 
timber  being  removed,  while  the  growing  stock  is  being  improved  and  grown 
into  the  "enhanced"  stand.   This  would  not  result  in  a  complete  suspension 
of  revenues.   While  detailed  analysis  of  conversion  strategies  is  beyond 
the  scope  of  this  study,  estimation  of  a  break-even  conversion  shows  that 
the  landowner  can  afford  a  15  percent  reduction  in  the  $83  revenues  every 
5  years . 

The  assumption  that  timber  revenues  alone  must  provide  a  competitive 
4.0  percent  return  on  investment  plays  a  critical  role  in  determining 
these  results.   If  we  assume  the  management  choice  is  whether  to  convert 
an  existing  stand  (with  a  specified  LDT) ,  the  viability  of  conversion 
will  be  increased  by  a  lower  discount  rate.   The  lower  discount  rate  will 
increase  the  computed  PV  of  both  the  existing  and  the  optimal  stand. 
However,  it  will  also  increase  the  diameter  of  the  optimal  LDT,  making  the 
existing  stand  even  more  suboptimal. 

The  other  critical  economic  factor  in  determining  the  optimal  LDT 
and  the  viability  of  conversion  is  the  price  schedule.   Since  prices  are 
very  likely  to  be  changing,  it  is  important  that  the  manager  view  conversion 
as  an  ongoing  incremental  process  in  which  the  ultimate  stand  (i.e.,  the 
optimal  LDT)  may  be  a  shifting  target.   Frequent  stand  entries  are  a 
great  help  in  this  kind  of  dynamic  decision  environment.   Under  the 
circumstances  demonstrated  in  this  study,  a  manager  will  have  an  opportunity 
to  readjust  management  goals  every  5  years. 


SUMMARY  AND  DISCUSSION 

The  increase  of  timber  prices  as  trees  grow  is  an  important  element 
in  the  determination  of  the  largest  diameter  tree  that  should  be  grown  in 
an  uneve-aged  stand.   The  theoretical  framework  for  this  kind  of  intragenera- 
tional  price  growth  has  been  presented.   Analyses  using  empirically  based 
simulations  have  been  used  to  examine  the  significance  of  the  effect,  and 
to  demonstrate  the  ability  of  timber  managers  to  control  prices  and 
influence  the  optimal  size  distribution  of  their  stands  through  their  TSI 
efforts.   An  effort  has  been  made  to  keep  simulated  management  actions 
realistic,  especially  those  of  the  hypothetical  "enhanced"  TSI  scenario, 
so  that  the  simulated  stand  responses  and  composite  prices  are  plausible. 
The  potential  impacts  of  these  enhancements  appear  to  be  substantial. 
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The  results  of  this  empirical  application  illustrate  the  advantages 
of  aggressive  TSI  in  the  long-term  management  of  uneven-aged  upland 
hardwoods  in  Illinois.   Existing  uneven-aged  stands  can  be  profitably 
maintained  to  produce  all  product/size  categories  recognized  by  the 
hardwood  stumpage  market  (including  large  sawtimber  and  veneer).   Essential 
to  the  success  of  such  a  strategy  is  an  active  TSI  effort  to  routinely 
cultivate  the  stand  to  assure  crop  trees  of  the  highest  possible  quality 
and  of  the  species  most  desired  by  the  market. 

Conversion  of  suboptimal  stands  to  stands  with  optimal  size  and 
quality  compositions  appears  marginally  feasible.   Lowering  the  discount 
rate  to  account  for  non- timber  benefits,  improves  both  the  justification 
of  the  "enhanced"  TSI  effort  and  the  economic  flexibility  to  adopt  it. 
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APPENDIX 

A 

Table  Al: 

Quality 

class  dis 

tribution  by 

diameter 

class 

and  the  resulting 

weighted 

average  s 

tumpaee  Drice 

1  for  Illinois  1 

hickorv. 

DBH 

Distribution  bv  Ouali 

tv  Class 

Class 

Veneer   Prime 

No.  1 

No,  2 

No.  3 

Price 

(in) 
12 

. . . .  (%)  

($/mbfb) 
32.08 

64 

36 

14 

35 

38 

27 

52.96 

16 

27 

31 

29 

13 

76.56 

18 

37 

28 

24 

11 

83.78 

20 

47 

24 

20 

9 

90.46 

22 

56 

20 

17 

7 

96.30 

24 

65 

16 

14 

5 

102.14 

26 

74 

13 

11 

2 

108.74 

28 

82 

10 

8 

114.28 

30 

90 

6 

4 

118.84 

32 

96 

4 

122.80 

Table  A2 :  Improved  quality  class  distribution  by  diameter  class  with  the 
resulting  weighted  average  stumpage  price  for  Illinois  hickory. 


DBH 

Distribut 

ion  bv  Oual: 

Ltv  Class 

Class 

Veneer   Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  ... 

($/mbfb) 
32.04 

12 

72 

18 

14 

61 

26 

13 

70.08 

16 

52 

24 

18 

6 

95.32 

18 

59 

21 

15 

5 

99.80 

20 

66 

18 

12 

4 

104.28 

22 

72 

15 

10 

3 

107.92 

24 

78 

12 

8 

2 

111.56 

26 

84 

9 

6 

1 

115.20 

28 

89 

7 

4 

118.54 

30 

94 

4 

2 

121.12 

32 

98 

2 

123.40 

28 

Table  A3:  Quality  class  distribution  by  diameter  class  and  the  resulting 
weighted  average  stumpage  price  for  Illinois  sugar  maple 


DBH 

Distribut 

ion  bv  Quality  Class 

Class 

Veneer   Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  . 

($/mbfb) 
31.60 

12 

60 

40 

14 

34 

35 

31 

56.60 

16 

30 

30 

31 

9 

94.36 

18 

40 

26 

27 

7 

103.32 

20 

50 

22 

23 

5 

112.28 

22 

60 

18 

19 

3 

121.24 

24 

70 

14 

15 

1 

130.20 

26 

80 

10 

10 

0 

138.80 

28 

88 

7 

5 

145.52 

30 

94 

6 

151.36 

32 

97 

3 

• 

152.68 

Table  A4 :  Improved  quality  class  distribution  by  diameter  class  with  the 
resulting  weighted  average  stumpage  price  for  sugar  maple. 


DBH 

Distribut 

ion  bv  Oual 

itv  Class 

Class 

Veneer   Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  .  .  . 

($/mbfb) 
38.80 

12 

80 

20 

14 

60 

25 

15 

79.00 

16 

54 

24 

18 

4 

118.24 

18 

61 

21 

15 

3 

124.24 

20 

68 

17^  , 

13 

2 

129.60 

22 

75 

14 

10 

1 

135.60 

24 

81 

11 

8 

140.52 

26 

88 

7 

5 

145 . 52 

28 

93 

5 

2 

149.64 

30 

97 

3 

152.68 

32 

99 

1 

153.56 

29 

Table  A5 :  Quality  class  distribution  by  diameter  class  and  the  resulting 
weighted  average  stumpage  price  for  Illinois  ash. 


DBH 

Distribut 

ion  bv  Oual 

itv  Class 

Class 

Veneer   Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 
12 

. .  .  (%)  ... 

($/mbfb) 
76.50 

75 

25 

14 

45 

45 

10 

133.65 

16 

25 

40 

30 

5 

178.75 

18 

40 

35 

20 

5 

201.45 

20 

50 

30 

15 

5 

214.90 

22 

58 

25 

13 

4 

225.43 

24 

66 

20 

11 

3 

235.96 

26 

74 

15 

10 

1 

247.27 

28 

81 

10 

9 

255.95 

30 

88 

8 

4 

266.88 

32 

94 

6 

275.96 

Table  A6:  Improved  quality  class  distribution  by  diameter  class  with  the 
resulting  weighted  average  stumpage  price  for  ash. 


DBH 

Distribut 

ion  bv  Qua' 

Litv  Class 

Class 

Veneer   Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  .  . 

($/n.bfb) 
85.86 

12 

87 

13 

14 

70 

25 

5 

162.80 

16 

54 

28 

16 

2 

222.62 

18 

64 

23 

11 

2 

236.07 

20 

70 

19 

9 

2 

243.13 

22 

74 

17 

7 

2 

248.51 

24 

80 

13 

6 

1 

256.35 

26 

85 

10 

5 

263.35 

28 

89 

7 

4 

267.72 

30 

93 

5 

2 

273.10 

32 

97 

3 

278.48 

30 

Table  A7 :  Quality  class  distribution  by  diameter  class  and  the  resulting 
weighted  average  stumpage  price  for  Illinois  red  oak. 


DBH 

D 

istribut 

ion  bv  Oual: 

Ltv  Class 

Class 

Veneer 

Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  .  .  . 

($/mbfb) 
71.00 

12 

60 

40 

14 

32 

39 

29 

111.80 

16 

5 

32 

28 

31 

4 

199.56 

18 

6 

41 

25 

25 

3 

218.15 

20 

7 

50 

21 

20 

2 

234.34 

22 

8 

59 

18 

14 

1 

256.73 

24 

9 

68 

15 

8 

277.09 

26 

10 

76 

12 

2 

292.58 

28 

11 

84 

5 

304.07 

30 

12 

88 

324.76 

32 

13 

87 

327.99 

Table  AS:  Improved  quality  class  distribution  by  diameter  class  with  the 
resulting  weighted  average  stumpage  price  for  red  oak. 


DBH 

Distribut 

ion  bv  Oua] 

Litv  Class 

Class 

Veneer   Prime 

No.  1 

No.  2 

No.  3 

Price 

(in) 

. . .  (%)  .  . 

($/mbf^) 

12 

80 

20 

87.00 

14 

59 

27 

14 

150.80 

16 

33 

27 

22 

16 

2 

259.93 

18 

37 

30 

19 

13 

1 

284.14 

20 

40 

33 

16 

10 

1 

295.39 

22 

44 

36 

13 

7 

338.96 

24 

48 

39 

9 

4 

368.17 

26 

52 

41 

6 

1 

384.23 

28 

55 

43 

2 

395.44 

30 

56 

44 

466.88 

32 

57 

43 

470.11 
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Historic  Illinois  Stiimpage  Prices  Interpreted  for  Management 
David  C.  White  and  Gene  E.  Campbell^ 

INTRODUCTION 

Long-term  forest  management  decisions  are  greatly  influenced  by  the 
stumpage  price  an  owner  expects  to  receive  for  timber  at  harvest.   Sturapage 
prices  reflect  the  interactions  of  many  factors  that  are  both  site  and  time 
specific;  e.g.,  logging  and  transportation  costs;  and  the  species,  size 
class,  and  quality  composition  of  the  standing  timber  (Dennis  and  Remington 
1985) .   A  landowner  attempting  to  estimate  the  eventual  return  on  a  forestry 
investment  faces  the  difficult  task  of  forecasting  how  these  factors  will 
interact  to  affect  future  stumpage  values.   Historic  trends  are  often  used 
to  project  current  timber  prices  in  an  effort  to  forecast  future  prices 
directly.   This  paper  examines  the  stumpage  prices  for  Illinois  hardwoods 
and  assesses  their  usefulness  as  guides  to  future  prices. 

The  central  hardwoods  region  is  characterized  by  geographically 
dispersed  nonindustrial  private  forestlands  (NIPF) .   Many  of  the  ownerships 
are  distant  from  the  better  developed  timber  markets  typical  of  the  more 
heavily  forested  areas  of  the  country.   The  scattered  sawlog  stumpage 
markets  in  the  Midwest  may  have  unique  characteristics  that  make  conclusions 
drawn  from  the  other  markets  inappropriate  or  inadequate.   This  paper 
discusses  Illinois  price  data  which  should  be  representative  of  many  areas 
in  the  central  hardwoods  region.   The  discussion  emphasizes  insights  into 
local  market  dynamics  that  might  influence  the  formation  and  appropriate 
use  of  price  expectations. 

For  over  30  years,  a  cooperative  effort  has  been  made  by  the  Illinois 
Cooperative  Crop  Reporting  Service  and  the  Illinois  Division  of  Forest 
Resources  and  Natural  Heritage  (1960-87),  to  keep  interested  parties 
informed  about  current  Illinois  timber  market  activities.   Licensed  timber 
buyers  operating  within  the  state  are  surveyed  and  a  brief  market  summary 
is  published  twice  a  year.   The  price  reports  cover  sixteen  hardwood  species 
(plus  upland  and  bottomland  woods-run  composites)  and  four  major  product 
classes:  sawtimber,  face  veneer,  cooperage,  and  pulpwood.   The  semiannual 
market  reports  present  a  number  of  price  summaries  including  statewide 
average  stumpage  and  "F.O.B.  at  the  mill"  prices,  as  well  as  ranges  for  the 
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"most  commonly  reported"  stumpage  and  "F.O.B.  at  the  mill"  prices  for  three 
geographical  regions  within  the  state.   This  paper  examines  the  statewide 
average  sawtimber,  veneer,  and  pulpwood  prices. 

PROCEDURE 

In  addition  to  the  prices  reported  from  NIPF  sales,  average  annual 
stumpage  price  data  from  USDA  Forest  Service  timber  sales  are  analyzed. 
The  Forest  Service  data  include  prices  received  by  the  Shawnee  National 
Forest  in  Illinois  (USDA  Forest  Service  1988),  and  summary  data  for  the 
two  Forest  Service  regions  covering  the  eastern  United  States  (Ulrich 
1987).   The  Forest  Service  data  are  analyzed  to  allow  comparisons  between 
sales  from  private  and  public  lands,  and  between  Illinois  and  the  more 
geographically  broad-based  summary  of  the  eastern  U.S.  data. 

The  average  stumpage  price  data  are  adjusted  for  inflation  using  the 
implicit  GNP  Price  Deflator,  with  1982  as  the  base  year  (Council  of  Economic 
Advisors  1987).   The  period  of  record  varies  with  the  timber  species 
reported  and  ranges  from  18  to  27  years.   These  semi-annual  data  are 
graphed,  and  general  trends  are  obtained  by  fitting  simple  linear  regression 
lines  for  three  selected  periods:  the  last  5  years,  the  last  10  years,  and 
for  the  entire  period  of  record.   The  several  time  series  and  price  trends 
(Appendices  A-C)  are  then  examined  for  insights  into  the  characteristics 
of  the  NIPF  timber  markets  in  Illinois. 

RESULTS  AND  DISCUSSION 

Graphs  with  the  regression  lines  superimposed  on  time  series  price 
data  (Appendices  A-C)  not  only  provide  summaries  of  the  general  direction 
of  past  price  movements,  they  also  make  the  variability  of  the  underlying 
prices  evident.   Our  examination  of  the  market  histories  indicates  that 
the  volatility  of  the  prices  is  likely  to  be  as  important  a  characteristic 
of  the  market,  from  a  management  perspective,  as  are  the  overall  trends. 

Price  Trends 

The  period  of  record  varies  by  species  and  data  source.   However,  in 
general,  the  statewide  average  stumpage  prices  for  upland  hardwood  sawlogs 
have  been  appreciating  at  a  rate  exceeding  inflation  for  more  than  17 
years  (Table  1).   In  particular,  demand  for  red  oak  sawtimber  has  been 
consistently  strong.   In  contrast,  stumpage  prices  for  bottomland  species 
have  generally  depreciated  in  real  value  over  the  same  period  (Table  2) . 

The  price  movements  for  veneer  and  pulpwood  stumpage  (Table  3)  have 
similar  patterns  to  those  of  sawtimber.   Here  again,  red  oak  veneer  has 
been  strong,  while  the  trends  for  black  walnut  veneer  have  been  just  as 
consistently  negative.   Pulpwood  prices  have  remained  essentially  steady, 
but  at  a  much  lower  level  than  sawtimber  prices. 


Table  1.  Annual  dollar  and  percentage  rates  of  change  in  real  sawlog 
prices^  for  selected  upland  hardwood  species  in  Illinois. 


Analysis 

Absolute 

Compound 

Species 

Period 

Rate  of  Change 

Rate  of  Change 

(years) 

($/yr) 

(%/yr) 

Ash 

26.5 

2.34 

3.25 

10 

-2.90 

5 

1.26 

Basswood 

25.5 

-0.18 

-0.32 

10 

-1.70 

5 

-1.70 

Beech 

19.0 

-0.12 

-0.25 

10 

-1.98 

5 

0.04 

Black  Oak 

26.5 

0.96 

1.84 

10 

0.80 

5 

1.10 

Black  Walnut 

27.0 

4.04 

1.47 

10 

-8.62 

5 

-5.38 

Hickory 

25.5 

0.70 

1.69 

10 

-2.24 

5 

-0.40 

Red  Oak 

26.5 

1.88 

3.11 

10 

2.76 

5 

2.38 

Sugar  Maple 

25.5 

-0.46 

-0.73 

10 

-2.20 

5 

-0.70 

White  Oak 

27.0 

0.96 

1.16 

10 

-2.16 

5 

0.22 

Yellow  Poplar 

19.0 

-1.24 

-1.73 

10 

-2.30 

5 

0.82 

Upland^ 

17.5 

1.14 

1.96 

10 

0.10 

5 

1.94 

Statewide  average  stumpage  prices  ($/mbf ) ,  Doyle  log  rule. 

Prices  paid  for  woods -run  purchases  of  predominantly  upland  species 


Table  2,  Annual  dollar  and  percentage  rates  of  change  in  real  sawlog 

prices^  for  selected  bottomland  hardwood  species  in  Illinois. 


Analysis 

Absolute 

Compound 

Species 

Period 

Rate  of  Change 

Rate  of  Change 

(years) 

($/yr) 

(%/yr) 

Cottonwood 

26.5 

-0.08 

-0.21 

10 

-2.08 

5 

-0.40 

Elm/Hackberry 

25.5 

0.14 

0.33 

10 

-2.28 

5 

-0.50 

Pin  Oak 

25.0 

0.48 

1.09 

10 

-1.96 

5 

-1.26 

Soft  Maple 

27.0 

-0.86 

-1.42 

10 

-2.58 

5 

-1.32 

Sweet  Gum 

19.0 

-0.72 

-1.48 

10 

-1.78 

5 

-0.26 

Sycamore 

26.5 

0.01 

0.01 

10 

-1.68 

5 

-0.74 

Bottomland^ 

17.5 

-0.01 

-0.01 

10 

-1.56 

5 

-0.46 

^  Statewide  average  stumpage  prices  ($/mbf ) ,  Doyle  log  rule. 
°   Prices  paid  for  woods -run  purchases  of  predominantly  bottomland 
species . 


The  average  annual  compound  rate  of  change  (column  4  of  Tables  1,  2, 
and  3)  is  frequently  the  summary  statistic  provided  by  analyses  of  price 
trends  (Dennis  and  Remington  1985,  Remington  and  Dennis  1986,  and  Binkley 
and  Vincent  1988).   It  can  be  compared  with  various  other  market  rates  of 
change  reported  in  the  literature.   It  can  also  be  incorporated  directly 
into  formulas  used  in  financial  analyses  (Flick  1976) .   This  paper  looks 
beyond  such  a  summary  statistic  to  more  fully  consider  the  market  dynamics 
reflected  in  the  underlying  data. 


Table  3.  Annual  dollar  and  percentage  rates  of  change  based  on  statewide 
average  real  prices  for  hardwood  veneer^  and  pulp  in  Illinois. 


Analysis 

Absolute 

Compound 

Product 

Period 

Rate  of  Change 

Rate  of  Change 

(years) 

($/yr) 

(%/yr) 

Black  Walnut 

17.5 

-19.04 

-1.46 

10 

-34.72 

5 

-63.62 

Red  Oak 

14.5 

5.37 

5.45 

10 

3.78 

5 

7.30 

White  Oak 

14.5 

17.40 

6.53 

10 

-28.62 

5 

-36.64 

Pulpwood 

17.5 

0.01 

1.18 

10 

0.01 

5 

0.02 

^  Stumpage  prices  ($/mbf)  for  veneer  logs,  Doyle  log  rule 
"  Pulpwood  prices  ($/ton) . 


Obviously,  trend  lines  can  exhibit  very  different  slopes  depending  on 
the  period  of  record  they  represent.   When  short,  intermediate,  and  long 
term  trends  contrast  markedly,  the  analyst's  a  priori  choice  of  which  trend 
to  project  will  critically  influence  any  resulting  estimate  of  future  prices 
(Binkley  and  Vincent  1988).   Given  the  variability  of  the  Illinois  data, 
quantifying  price  expectations  by  simply  projecting  a  rate  of  change, 
computed  as  a  regression  coefficient,  may  be  inferring  more  precision  than 
the  data  justify. 

Price  levels 


Rates  of  change  may  not  provide  the  most  pertinent  information  about 
prices.   In  some  instances  the  absolute  price  level  of  a  timber  species  can 
overwhelm  the  importance  of  its  trend.   In  the  case  of  black  walnut,  even 
though  the  steeply  negative  intermediate  ($8.62/yr)  and  short  term  (- 
$5.38/yr)  price  trends  (Table  1)  may  seem  unattractive,  the  general  level 
of  walnut  prices  (Table  4)  is  significantly  higher  than  for  any  of  the 
other  species,  and  that  the  current  (1987)  price  is  still  well  within 
walnut's  historic  range.   The  overall  evidence  suggests  that  black  walnut 
sawtimber  will  remain  a  valuable  investment.   The  evidence  is  less  convincing 
for  black  walnut  veneer  (Table  5) .   While  the  general  level  of  black 
walnut  veneer  prices  remains  at  about  twice  that  of  either  red  or  white 
oak,  the  persistent  downward  trend  of  the  black  walnut  has  continued 
right  to  the  present. 


Table  4.  1987  stumpage  prices  (P)  and  historic  range  of  prices  for  sawlogs 

Price  per  Thousand  Board  Feet  (1982  Dollars) 

0 100 200 300 400 

Illinois  NIPF 

Ash  P 

Basswood         -P 

Beech  -P 

Black  Oak         P- 

B  Walnut  P - 

Hickory         --P 

Red  Oak  P 

Sugar  Maple        P 

White  Oak  P 

Yellow  Pop  P 

Upland^  P-- 

Cottonwood      -P 

Elm/Hack         P 

Pin  Oak  -P 

Soft  Maple        P 

Sweet  Gum        P 

Sycamore         P 

Bottomland^      -P 

Shawnee  NF 

Oak^  P 


Hardwoods^         --P- 


Eastern  US  NFs 


Oak^  P 

Maple  P 


Hardwoods^  P 


^  Prices  paid  for  woods-run  purchases  of  predominantly  upland  species. 

"  Prices  paid  for  woods -run  purchases  of  predominantly  bottomland  species 

^  Composite  price  for  all  oaks. 

^  Composite  of  prices  for  all  hardwoods. 


Table  5.  1987  stumpage  prices  (P)  and  historic  range  of  prices  for  veneer 
and  pulpwood  from  private  land  in  Illinois. 

Price  per  Thousand  Board  Feet  (1982  Dollars)  for  Veneer 
0 500 1000 1500 2000 


Species 


B  Walnut 
Red  Oak 
White  Oak 


Species 
Mixed 


Price  per  Ton  (1982  Dollars')  for  Pulpvood 


50 


1.00 


1.50 


2.00 


Price  ranges 

A  comparison  between  the  ranges  of  the  U.S.  Forest  Service  sawtimber 
data  and  Illinois  NIPF  sawtimber  data  (Table  4)  provides  for  interesting 
speculation  concerning  the  functioning  of  markets.   The  price  ranges  for 
Forest  Service  oak  and  maple  are  broader  than  for  both  Forest  Service 
hardwoods,  as  a  group,  and  all  of  the  Illinois  species  (except  for  black 
walnut) .   There  are  characteristics  of  timber  sales  from  national  forests 
which  may  help  explain  these  larger  price  ranges.   First,  in  many  areas 
the  national  forest  is  the  predominant  timber  producer,  so  that  the 
economic  well-being  of  each  timber  buyer  is  often  dependent  on  continually 
acquiring  national  forest  timber  to  cut.   Second,  national  forest  timber 
sales  are  executed  through  a  formal  bidding  process.   The  economic  importance 
of  these  sales  to  potential  buyers  tends  to  create  a  seller's  market,  and 
the  formal  bidding  process  promotes  aggressive  bidding.   The  combination 
of  these  two  factors  seems  likely  to  cause  the  prices  paid  for  high  value 
timber  species  to  closely  follow  the  broad  market  swings  driven  by  macro- 
level  demand  pressures. 

In  contrast,  small  sales  from  private  land  often  involve  only  a  single 
buyer.   These  buyers  are  likely  to  have  dozens  of  landowners  to  approach 
from  whom  to  buy  timber,  so  no  single  landowner  or  timber  sale  is  crucial. 
These  characteristics  suggest  a  buyer's  market.   In  such  a  market,  one 
would  expect  to  see  prices  remain  at  levels  advantageous  to  the  buyer. 
This  may  be  an  important  factor  in  explaining  the  narrower  price  ranges 
reported  for  Illinois  sawtimber. 
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In  the  case  of  veneer,  the  relatively  wide  price  ranges  are  more 
like  the  market  for  national  forest  sawtimber  than  for  NIPF  sawtimber. 
This  may  be  the  result  of  NIPF  landowners  being  more  aware  of  the  relatively 
high  value  of  veneer  trees  and,  thereby,  forcing  veneer  prices  to  be  more 
representative  of  the  market  demand  for  the  product. 

Volatility 

The  volatility  evident  in  the  price  data  can  be  characterized  in 
terms  of  frequency  and  amplitude.   Frequency  is  the  length  of  time  between 
either  neighboring  peaks  or  neighboring  troughs  in  the  time  series  data 
(Appendices  A-C) .   Amplitude  refers  to  the  magnitude  of  the  price  swings 
and  is,  in  general,  inversely  related  to  frequency.   In  other  words,  the 
longer  the  duration  of  a  price  cycle,  the  greater  the  price  swing  tends 
to  be. 

In  most  of  the  Illinois  NIPF  data  (Table  6)  the  shortest  observable 
cycle  of  one  year  is  the  most  prevalent.   This  kind  of  cycle  suggests  a 
seasonal  pattern  of  price  changes.   A  closer  examination  of  this  pattern 
shows  that,  for  some  reason,  buyers  of  Illinois  NIPF  timber  tend  to  bid 
higher  in  the  summer  than  the  winter.   Across  all  of  the  Illinois  sawlog 
and  veneer  stumpage  price  data,  around  60  percent  of  the  market  lows 
occurred  during  the  winter  survey  period,  and  63  percent  of  the  highs 
occurred  during  the  summer.   This  observation  is  supported  by  McCurdy  and 
Olmstead  (1987) . 

Comparisons  of  the  most  frequent  cycles  from  the  Illinois  and  the  Forest 
Service  data  (Table  6)  suggest  that  different  market  pressures  are  dominant. 
In  the  Illinois  NIPF  data,  85  percent  of  the  cycles  were  less  than  three 
years  in  duration,  while  in  the  Forest  Service  data  for  the  eastern  U.S. 
92  percent  of  the  cycles  were  three  years  or  greater.   For  the  Shawnee 
National  Forest,  75  percent  exceed  three  years.   Since  the  Illinois  NIPF 
data  are  semi-annual  and  the  National  Forest  data  are  annual,  cycle 
lengths  can  not  be  rigorously  compared.   However,  in  contrast  to  the 
Forest  Service  prices,  the  apparent  responsiveness  of  Illinois  prices  to 
relatively  short-lived,  perhaps  seasonal,  forces  seems  consistent  with  a 
transient,  buyer-controlled  local  market. 

General  market  timing 

VThile  the  timing  is  not  precisely  coincident,  the  price  data  shown 
in  the  various  graphs  exhibit  peaks  around  1974  and  again  in  1979.   These 
same  peaks  have  been  recognized  in  other  discussions  of  timber  market 
data  (Phelps  1977,  and  Remington  and  Dennis  1986).   The  1974  price  rise 
has  been  linked  to  an  increase  in  competition  for  forest  products  that 
coincided  with  the  oil  embargo  (Remington  and  Dennis  1986) .   The  price 
peak  seen  in  the  late  1970s  has  been  credited  to  the  culmination  of  a 
general  increase  in  domestic  demand  coupled  with  the  consequent  reduction 
in  mill  inventories  (Luppold  and  Jacobsen  1985) .   The  existence  of  these 
major  peaks  is  evidence  that  Illinois  stumpage  prices  are  not  entirely 
controlled  by  local  market  dynamics,  but  do  reflect  both  the  national 
wood  product  markets  and  the  general  economy. 


Table  6.  Frequency  of  cycle  lengths  in  stumpage  price  data, 


Cycle 

Illinois 

Shawnee 

Eastern  US 

Length 

NIPF 

NF 

%) 

NFS 

(years) 

(Frequency  in 

1 

37 

1.5 

27 

2 

12 

25 

8 

2.5 

9 

3 

6 

33 

38 

3.5 

3 

4 

4 

25 

23 

4.5 

1 

5 

1 

17 

23 

5.5 

6 

8 

Species  comparisons 

The  broad  directions  of  the  price  movements  exhibited  by  the  Illinois 
NIPF  data  (Table  7)  suggest  a  general  tendency  for  upland  and  bottomland 
species  to  move  as  groups.   This  kind  of  group  movement  means  that  the 
silvicultural  need  to  match  tree  species  to  their  appropriate  growing 
sites  greatly  reduces  the  opportunity,  on  any  given  site,  to  mix  species 
exhibiting  contrary  price  trends. 

The  trends  exhibited  by  the  Illinois  data  suggest  that  the  less  tolerant 
central  hardwood  species,  e.g.,  oaks,  have  had  an  ongoing  comparative  price 
advantage  over  the  more  tolerant  species,  e.g.,  sugar  maple.   This  trend 
appears  to  be  primarily  demand  driven.   In  terms  of  both  growing  stock 
and  acreage,  the  oaks  are  the  predominant  commercial  timber  species  in 
Illinois;  and  between  1962  and  1985,  the  volume  of  growing  stock  of  the 
major  oak  species  in  Illinois  increased  44  percent  (Hahn  1987).   Under 
these  circumstances,  where  supply  is  not  limiting,  a  change  in  consumer 
tastes  could  cause  the  oaks'  comparative  price  advantage  to  disappear. 


However,  a  further  look  at  the  data  reveals  that  supply  circumstan- 
ces are  more  complex.   While  the  volume  of  oak  growing  stock  increased  44 
percent  (from  1,442  to  2,080  million  cubic  feet),  sugar  maple  growing 
stock  has  increased  63  percent  (from  100  to  163  million  cubic  feet) .   At 
the  same  time,  upland  oak  forestland  has  actually  decreased  14  percent 
(from  2.30  to  2.03  million  acres),  while  the  maple-beech  forestland  has 
increased  twelve-fold  (from  85  thousand  to  1.05  million  acres).   The 
current  prices  suggest  an  over-supply  of  the  tolerant  species,  and  these 
production  trends  suggest  that  it  is  ongoing. 
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Table  7.  Direction  of  computed  stumpage  price  trends 


Length  of  Period  Considered 


Illinois  (NIPF)    Long' 


Black  Oak 
Red  Oak 
Upland 

Ash 
White  Oak 


+ 
+ 
+ 

+ 
+ 


Intermediate 

+ 
+ 
+ 


Short^ 


+ 

+ 
+ 

+ 
+ 


Black  Walnut 

Elm/Hackberry 

Hickory 

Pin  Oak 

Bottomland 

Sycamore 

Yellow  Poplar 
Beech 


+ 
+ 
+ 
+ 
0 
0 


+ 
0 


Basswood 
Cottonwood 
Soft  Maple 
Sugar  Maple 
Sweet  Gum 


Walnut  (Veneer) 

White  Oak  (Veneer)  + 

Red  Oak  (Veneer)  + 

Pulpwood  + 

Shawnee  NF 

FS  Hardwood^ 

FS  Oak^  + 


+ 
+ 


+ 
+ 


+ 
0 


# 


Eastern  US  (NF) 
FS  Hardwood 
FS  Oak^ 
FS  Maple 


+ 
+ 


+ 
0 

+ 


^  Period  of  available  data,  back  to  winter  of  1960-1961. 

■L 

"  Last  10  years. 

^  Last  5  years. 

^  Composite  of  prices  obtained  by  USDA  Forest  Service  (FS)  for  all 

hardwoods . 
®  Composite  of  all  oaks. 
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The  Midwest  has  a  natural  advantage  in  the  production  of  the  more 
valuable  intolerant  species,  but  if  midwestern  timber  stands  go  unmanaged, 
their  default  species  compositions  are  likely  to  shift  toward  the  more 
tolerant  species  (Mills,  Fischer,  and  Reisinger  1987).   Thus,  without 
silvicultural  efforts  to  favor  the  intolerant  species,  any  existing  over- 
supply  of  the  lower  valued  tolerant  species  will  continue. 

CONCLUSIONS 

The  assessment  of  historical  stumpage  price  data  presented  in  this 
paper  is  not  intended  to  enable  future  prices  to  be  precisely  and  accurately 
forecast.   However,  even  if  precise  forecasting  is  not  supported,  it  still 
seems  reasonable  to  examine  historical  data  for  whatever  lessons  they  may 
contain  concerning  the  functioning  of  timber  markets.   These  lessons  can 
then  be  used  as  general  guidance  in  planning  for  the  future . 

Ultimately,  numerical  price  trends  produced  by  procedures  such  as 
regression  analyses  reflect  the  subjective  prejudgment  of  the  analyst. 
The  estimated  price  trends  necessarily  reflect  the  historical  period 
analyzed;  and,  within  the  limits  of  the  available  data,  the  period  to 
analyze  is  chosen  by  the  analyst.   The  transient  nature  of  the  short-term 
price  fluctuations  prevalent  in  the  Illinois  data  make  short-term  trends 
suspect  for  making  long-term  projections.   Ideally,  projections  should  be 
based  on  historical  periods  of  a  length  comparable  to  the  future  period 
being  projected.   In  light  of  the  uncertainties  inherent  in  this  kind  of 
price  projection,  a  cautious  strategy  for  estimating  future  returns  on 
investment  is  to  first  compute  the  economic  returns  based  on  an  assumption 
of  real  prices  remaining  constant,  and  then  use  the  historic  maximum  and 
minimum  real  prices  to  compute  best  and  worst  case  scenarios. 

In  Illinois,  the  less  tolerant  central  hardwood  species,  such  as  the 
oaks,  have  had  an  ongoing  comparative  price  advantage  over  the  more  tolerant 
species.   With  this  kind  of  market  encouragement,  it  seems  advisable  for 
landowners  in  the  central  hardwoods  region  to  make  an  effort  to  exploit  the 
region's  productive  capacity  of  the  higher  valued,  but  less  tolerant,  upland 
hardwood  species. 

Regardless  of  what  a  landowner's  initial  investment  decisions  may  have 
been,  or  how  disciplined  the  ongoing  timber  management  may  be;  as  harvest 
approaches  there  are  actions  that  a  timber  seller  should  consider. 

1)  Anticipate  the  upcoming  sale  by  studying  the  short-term  market 
fluctuations.   Since  1970,  the  magnitude  of  real  price  fluctuations  for 
woods-run  upland  hardwoods  in  Illinois  have  ranged  up  to  a  change  of  more 
than  41  and  75  percent,  for  intervals  of  one  and  two  years  respectively. 
The  average  fluctuations  for  these  same  one-  and  two-year  periods  have 
been  13  and  18  percent.   With  prices  fluctuating  so  much  within  such 
short  intervals,  4  or  5  years  of  data  should  provide  sellers  with  a 
useful  picture  of  market  behavior  that  will  allow  them  to  tell  whether  an 
offered  price  is  near  a  cyclic  maximum. 
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2)  When  the  decision  to  sell  is  reached,  obtain  multiple  bids  for  the 
offered  timber.   Besides  assuring  a  more  competitive  market  for  the  timber, 
obtaining  multiple  bids  allows  the  seller  more  flexibility  in  negotiating 
other  aspects  of  the  timber  sale,  such  as  slash  disposal. 

3)  Be  prepared  to  store  the  timber  on  the  stump,  if  necessary,  to  await 
a  more  favorable  market.   If,  for  example,  the  offered  price  is  below  the 
average  for  the  last  two  price  cycles:  the  seller  will  probably  be  able 

to  get  a  better  price  within  one  or  two  years. 

The  general  message  that  these  price  trends  have  for  forest  landowners 
is  clear:  If  the  advantages  of  judicious  market  timing  are  combined  with 
advantages  made  possible  through  competitive  bidding;  both  harvest  incomes 
and  the  owner's  return  on  investment  are  likely  to  be  substantially 
improved. 
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INTRODUCTION 


Society,  through  various  government  programs  and 
benefits,  offers  nonindustrial  private  forest  landowners  a 
variety  of  incentives  to  practice  "good"  conservation  and 
timber  management.   These  incentives  include  the  Forestry 
Incentives  Program  (FIP) ,  the  7-year  amortization  of  timber 
establishment  costs  and  investment  tax  credit  (ITC) ,  and  (in 
Illinois)  state  cost-sharing  of  approved  forest:  management 
practices.   Additional  incentives  such  as  the  Conservation 
Reserve  Program  (CRP)  exist  to  encourage  tree  planting  and 
other  soil  conserving  practices  on  marginal  agricultural 
land. 

Forest  landowners  often  do  not  appreciate,  or  are 
unaware  of,  the  opportunity  these  incentives  present  for 
increasing  the  value  of  their  woodlands.   The  primary  purpose 
of  this  paper  is  to  evaluate  the  effects  of  cost-sharing  and 
selected  income  tax  incentives  on  upland  hardwood  management 
for  existing  forest  land  in  Illinois.   Investment  performance 
as  measured  by  internal  rate  of  return  (IRR)  and  net  present 
value  (NPV)  is  analyzed  under  alternative  price,  general 
inflation,  and  income  tax  assumptions.   A  discussion  of  the 
after-tax  treatment  of  management  inputs  and  outputs,  and 
discount  rate,  also  is  presented. 


PROCEDURE 

Management  Scheme 

Almost  half  (47  percent)  of  the  4.3  million  acres  of 
commercial  forest  land  in  Illinois  consists  of  the  oak- 
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hickory  forest  type  (Hahn  1987) .   For  this  reason,  a 
"typical"  upland  oak  forest  stand  was  selected  in  southern 
Illinois  (Koenig  1985)  to  serve  as  the  basis  for  the  present 
analysis.   The  site  was  inventoried  using  a  variable  plot 
cruise  and  10  factor  prism  with  sample  points  located  on  a 
systematic  spacing  of  2x5  chains.   Based  on  soil  type  (USDA 
Soil  Conservation  Service  1975)  and  dominant  or  codominant 
trees,  estimated  site  index  for  white  oak  was  70  (Carmean 
1971) .   The  average  age  of  the  stand  was  60  years. 

An  even-aged  management  system  (Table  1)  was  developed 
by  Koenig  (1985)  to  naturally  regenerate  the  existing  stand. 
The  management  goal  is  to  maximize  the  net  return  from  the 
production  of  high  quality  oak  and  associated  species. 
Management  activities  consist  of  a  herbicide  treatment  of  the 
existing  stand  to  eradicate  undesirable  species  followed,  a 
year  later,  by  a  reproduction  clear-cut.   It  is  assumed  that 
adequate  advanced  reproduction  exists  when  the  existing  stand 
is  harvested.   Based  on  Sander  (1977) ,  two  pre-commercial 
thinnings  are  planned  for  the  regenerated  stand  at  ages  10 
and  20  years  to  develop  the  desired  species  composition 
(Table  2) .   Commercial  thinnings  are  assumed  to  be  feasible 
beginning  at  stand  age  3  0  and  proceeding,  in  10-year 
intervals,  to  age  60.   The  thinning  at  age  30  is  assumed  to 
just  break-even,  that  is,  costs  exactly  equal  revenues.   All 
thinnings  are  from  below.   Based  on  stocking  graphs  by 
Gingrich  (1971)  and  predicted  growth,  60  square  feet  of  basal 
area  is  left  after  thinning  at  stand  ages  of  30  and  40  years. 
Seventy  square  feet  is  assumed  to  remain  after  thinning  at  50 
and  60  years.   Rotation  ages  of  70,  80,  90,  and  100  are 
evaluated  for  the  regenerated  stand. 


Cost-Sharing 

Cost-sharing  for  approved  forest  management  practices  is 
available  for  Illinois  forest  landowners  through  the  Illinois 
Forestry  Development  Act  (FDA) .   Provided  specified  limits 
are  not  exceeded,  a  landowner  could  receive  a  state  cost- 
share  payment  equal  to  80  percent  of  actual  cost. 
Furthermore,  it  may  be  possible  to  obtain  additional  cost- 
sharing  through  either  FIP  or  ACP  (Agricultural  Conservation 
Program)  to  increase  the  effective  total  cost-share  rate  to 
as  high  as  9  3  percent.   The  combined  state  and  federal  total 
cost-share  payment  (TP)  is  computed  as  follows: 

TP  =  [Actual  Cost  x  FDA  Rate]  +  [Remainder  x  FIP  Rate]     (1) 

In  the  present  analysis,  a  total  cost-share  payment  of 
$54.40  per  acre  (Table  1)  is  provided  for  each  site 
preparation  and  pre-commercial  thinning  expense.   This 
payment  is  based  on  an  actual  cost  of  $60  per  acre  for  each 
practice,  a  FDA  not  to  exceed  limit  of  $44  per  acre,  and  a 


FIP  cost-share  rate  of  65  percent.   To  cover  the  costs  of  the 
FDA  program,  a  4  percent  sawlog  harvest  fee  is  assessed  by 
the  state  to  all  forest  landowners  selling  timber. 


Management  Outputs 

Timber  volume  estimates  for  the  regenerated  stand  (Table 
3) ,  projected  by  the  Central  States  version  of  the  TWIGS 
growth  and  yield  model  (Belcher  1982) ,  are  divided  into  three 
size  categories:   sawtimber,  pulpwood,  and  residues. 
Sawtimber  represents  growing  stock  greater  than  or  equal  to 
11  inches  dbh  (diameter  at  breast  height)  to  a  9-inch  top, 
dob  (diameter  outside  bark) .   Pulpwood  consists  of  growing 
stock,  excluding  sawtimber,  possessing  diameters  at  breast 
height  greater  than  or  equal  to  5  inches,  to  a  4  inch  top 
(dob) ,  while  residues  comprise  the  remainder.   These  yields 
are  considered  very  conservative  inasmuch  as  dbh  growth, 
averaged  over  the  entire  rotation,  is  only  0.20  inches  a 
year. 

For  the  existing  stand,  estimates  of  log-grade 
distributions  are  based  on  the  quality  grades  reported  by 
Hahn  (1987)  for  Illinois  sawtimber  and  classified  according 
to  Purdue  log-grade  definitions  (Herrick  1956) .   For  the 
regenerated  and  managed  stand,  an  estimate  (Table  4)  for  each 
species  and  2-inch  dbh  class  was  computed  by  simple  linear 
regressions  of  averaged  data  derived  from  Dale  and  Brisbin 
(1985);  Myers,  et  al.  (1986);  and  Trimble  (1965). 

Stumpage  prices  (Table  4)  for  each  species  are  based  on 
the  "Illinois  Timber  Prices  Survey"  for  November  1986  through 
August  1987.   The  "Survey"  is  a  cooperative,  semiannual 
reporting  effort  by  the  Illinois  Agricultural  Statistics 
Service  and  the  Illinois  Department  of  Conservation.   These 
prices  were  adjusted  to  reflect  "marked  timber  sales",  as 
reported  by  the  "Survey",  and  proportioned  to  each  respective 
log-grade  based  on  the  grade  distribution  prevalent  in 
Indiana  for  the  period  specified  above  (Purdue  University 
1987a,  1987b,  and  1988)  .   It  is  assumed  pulpwood  will  be  sold 
for  residential  firewood  and  residues  sold  as  industrial 
fuelwood. 

Composite  stumpage  prices  for  sawlogs  which  reflect  the 
above  estimated  log-grade  and  price  distribution  (Table  4) , 
are  shown  below  by  species  and  stand  age.   The  average  of 
these  composite  prices  falls  within  the  upper  third  of  the 
range  for  the  "most  commonly  reported  prices"  for  ash,  red 
oak,  and  white  oak  listed  in  the  "Illinois  Timber  Prices 
Survey"  for  November  1986  through  August  1987. 


Composite  stumpage  prices  per  mbf . 


Aae 

Ash 

Red  Oak 

White  Oak 

60 

76 

71 

78 

70 

134 

112 

117 

80 

179 

204 

216 

90 

201 

222 

241 

100 

215 

239 

266 

Alternative  price  assumptions  of  0.5  and  1.0  percent  for 
the  real,  annual  rate  of  stumpage  price  appreciation  (p)  also 
are  evaluated.   Based  on  historic  price  trends,  these  rates 
seem  within  reason.   For  example,  the  statewide  average 
stumpage  price  for  red  oak  sawlogs  has  increased  in  relative 
value  by  3.1  percent  a  year  for  the  past  26.5  years.   This 
percentage  is  based  on  a  simple  linear  regression  of  reported 
prices  adjusted  for  inflation  by  the  implicit  GNP  price 
deflator  (Council  of  Economic  Advisors  1987) .    Projecting 
this  linear  trend  80  years  into  the  future,  results  in  an 
annual,  real  rate  of  appreciation  for  red  oak  sawlogs  of  1.2 
percent.   Similar  projections  for  red  and  white  oak  veneer 
show  slightly  higher  annual  rates  while  white  oak  and  ash 
sawlogs  exhibit  rates  of  0.7  and  1.2  percent,  respectively. 


Income  Tax  Treatment 

The  effect  of  income  taxation  on  any  investment  depends, 
in  part,  on  the  financial  and  tax  status  of  the  investor. 
For  this  reason,  it  is  important  to  clearly  specify  the 
context  from  which  the  investment  is  considered.   In  this 
case,  the  focus  is  on  the  nonindustrial  private  forest 
landowner.   More  specifically,  it  is  assumed  the  timber 
enterprise  is  incidental  to  a  farm  business  and  that  the 
landowner  materially  participates  in  managing  the  timber 
operation.   Material  participation  is  necessary  to  avoid  the 
passive  loss  rules  promulgated  by  the  1986  Tax  Reform  Act 
(Condrell,  et  al.  1987) .   All  income  tax  deductions  are 
limited  to  out-of-pocket  expenditures.   The  noncorporate 
landowner  is  married,  files  jointly,  claims  two  personal 
exemptions,  and  has  $25,000  of  nontimber  taxable  income  each 
year.   This  $25,000  is  based  on  the  average  1986  net  farm 
income  reported  for  Illinois  by  Lattz  (1987) .   It  is  assumed 
that  net  nonfarm  income,  exclusive  of  timber,  is  covered  by 
claimed  tax  deductions. 

The  cost  of  site  preparation  is  added  to  the  timber  cost 
basis  with  associated  cost-share  payments  treated  as  taxable 
income.   A  10  percent  investment  tax  credit  (ITC)  is  taken 
along  with  the  7-year  amortization  of  all  establishment 
costs.   That  is,  because  the  $10,000  limit  is  not  reached  (in 
this  case) ,  the  entire  cost  basis  is  deducted  in  full  by  the 


end  of  the  first  seven  years.   This  generally  will  be  the 
optimal  tax  strategy.   Other  options  considered  include 
excluding  cost-share  payments  from  taxable  income  (Section 
126  of  the  I.R.S.  Code)  and  the  deduction  of  all 
establishment  costs  from  harvest  revenues  at  the  times  of 
timber  liquidation.   The  depletion  allowance  and  adjusted 
cost  basis  are  based  on  merchantable  sawlogs  only.   Costs  or 
revenues  associated  with  harvest  of  the  existing  stand  are 
excluded  from  analysis  of  the  regenerated  stand. 

Pre-commercial  thinning  costs  are  expensed,  with  cost- 
share  payments  included  as  taxable  income.   This  results  in  a 
washout  for  tax  purposes.   Costs  associated  with  commercial 
thinnings  and  final  harvest  are  netted  against  timber 
revenues.   It  is  assumed  that  all  timber  revenues  qualify  as 
long-term  capital  gains.   This  is  necessary  to  avoid  payment 
of  any  self -employment  tax  (Siegel  1987) .   Annual  management 
costs  are  expensed  as  deductable  farm  expenditures. 

The  average  farm  family  in  Illinois  is  subject  to  a 
marginal  income  tax  rate  (t)  of  17.13  percent,  based  on  the 
$25,000  figure  reported  earlier.   This  rate  is  computed  as 
follows: 

t  =  tf  +  tg  -  (tf  X  tg)  (2) 

where  t^  =  federal  income  tax  rate  =  15  percent 
tg  =  state  income  tax  rate  =2.5  percent 

Determining  the  marginal  income  tax  rate  is  not  a  simple 
addition  because  state  taxes  are  deductable  from  income 
subject  to  federal  taxation  while  the  reverse  is  generally 
not  true  (DeGarmo,  et  al.  1984).   That  is,  in  general, 
federal  taxes  are  not  deductable  for  determining  state  taxes. 
Such  is  the  case  in  Illinois.   In  years  where  timber  is 
harvested,  the  landowner's  tax  rate  is  probably  higher  and  is 
determined  here  as  a  composite  effective  rate  on  incremental 
net  timber  income.   This  quasi-marginal  rate  is  a  function  of 
the  landowner's  initial  nontimber  taxable  income,  the  tax 
brackets  in  affect,  the  number  of  personal  exemptions 
claimed,  the  number  of  acres  treated,  and  the  amount  of  net 
revenue  generated.   For  example;  the  composite  quasi-marginal 
income  tax  rates  for  the  present  investment;  assuming  a 
rotation  age  of  80  years,  inflation  of  4  percent,  and  20 
acres  of  timber  harvested,  are:   17.13  percent  for  years  30, 
40,  and  50;  25.76  percent  for  year  60;  and  30.46  percent  for 
year  80. 

In  general,  the  opportunity  cost  of  capital  used  for 
discounting  future  values  to  the  present  also  must  reflect 
after-tax  conditions  (Adams  1977  and  Smith  1987) .   To 
accomplish  this  adjustment,  which  assumes  that  foregone 
returns  would  be  subject  to  taxation,  the  following  rule-of- 


thumb  estimate  is  often  used  (Gunter  and  Haney  1984,  Levy 
1968,  and  Levy  and  Sarnat  1986): 

iat  =  ibt(l-t)  (3) 

where  i^^  =  after-tax  nominal  discount  rate 
ij^^  =  before-tax  nominal  discount  rate 
t  =  marginal  income  tax  rate 


This  rule-of-thumb  estimate  is  accurate  only  when  the 
alternative  used  to  determine  the  individual  investor's 
opportunity  cost  of  capital  involves  a  nondepreciating  asset 
whose  salvage  value  is  exactly  100  percent  of  first  cost 
(DeGarmo,  et  al.  1984),  or  where  the  alternative  investment's 
life  is  equal  to  one  year  (Levy  1968) .   Thus,  for  a 
nonindustrial  private  forest  landowner,  whose  nontimber 
investment  alternatives  are  limited  to  opportunities  such  as 
land  rental,  taxable  bonds,  or  bank  certificates  of  deposit 
(CDs) ,  the  rule-of-thumb  method  is  generally  satisfactory. 
It  is  assumed  here  that  the  best  alternative  investment  open 
to  the  landowner  is  either  long-term  taxable  bonds  or  CDs. 


Decision  Criteria 

Net  present  value  (NPV)  and  the  internal  rate  of  return 
(IRR)  are  the  two  decision  criteria  used  to  evaluate  the 
effects  of  cost-sharing  and  alternative  income  tax  scenarios 
on  investment  performance.   The  upland  hardwood  management 
system  was  modeled  on  a  perpetually  recurring  basis  to 
include  the  opportunity  cost  of  delaying  the  regeneration  of 
succeeding  rotations  and  to  provide  all  alternatives  with  a 
common  investment  life.   An  investment  analysis  program, 
using  Lotus  123,  was  used  to  compute  NPV  and  IRR. 

All  analyses  were  performed  using  nominal  or  current 
cash  flows  and  a  nominal  discount  rate  under  alternate  levels 
of  inflation.   The  reason  is  that  not  all  after-tax  cash 
flows  are  fully,  or  even  partially,  responsive  to  inflation. 
Examples  are  cash  flows  which  are  based,  in  part,  on  the 
timber  cost  basis  and  the  7-year  amortization  schedule. 
Therefore,  to  correctly  incorporate  the  effects  of  taxation, 
analyses  must  be  done  using  nominal  values  (Hotvedt  1982) . 
Inflation  was  removed  from  the  nominal  after-tax  IRRs  using 
the  following  equation  (Watts  and  Helmers  1979) : 

IRRj.  =  [(1  +  IRRn)/(l  +  f)]  -  1  (4) 

where  IRR^.  =  real  after-tax  IRR 

IRR-  =  nominal  after-tax  IRR 
f  =  inflation 


It  also  was  assumed  that  all  land  costs  (i.e.,  land 
purchase  and  property  taxes)  would  be  paid  by  the  landowner 
regardless  of  which  alternative  investment  was  chosen.   For 
this  reason,  all  NPVs  and  IRRs  reported  here  reflect  marginal 
investments  since  land  costs  were  excluded  from  the  analysis. 


RESULTS  AND  DISCUSSION 

Existing  Stand 

Merchantable  per  acre  growing  stock  volume  (Table  5)  for 
the  existing  stand  is  4,320  bf  of  sawlogs  (Doyle  log  rule), 
6.5  cds  of  pulpwood,  and  25.1  tons  of  residues.   Based  on  the 
most  current  log-grade  distribution  reported  for  existing 
forest  stands  in  Illinois  (Hahn  1987)  and  stumpage  values 
(Table  4)  based  on  the  "Illinois  Timber  Prices  Survey"; 
existing  stand  value  is  estimated  to  be  $944  per  acre.   This 
potential  harvest  value,  while  not  included  in  the  analysis 
of  the  regenerated  stand,  does  indicate  that  funds  can  be 
available  from  the  forest  itself  to  cover  regeneration  and 
future  management  costs;  thus  alleviating  the  cash  flow 
problem  often  cited  as  a  deterrent  to  long-term  forest 
management.   These  existing  harvest  values,  combined  with 
state  and  federal  cost-sharing,  offer  a  truly  exceptional 
incentive  for  sustained  forest  management. 


Regenerated  Stand 

Before-tax — The  affect  of  cost-sharing  on  investment 
performance  as  measured  by  net  present  value  (Fig.  1)  and 
internal  rate  of  return  (Table  6)  is  substantial.   Assuming 
constant  real  prices,  the  internal  rate  of  return  (IRR) 
increases  by  42  percent  from  2.9  to  4.1  percent  after  state 
cost-sharing  is  introduced.   IRR  increases  another  18  percent 
to  4.8  percent  with  the  addition  of  federal  cost-sharing. 
For  the  conservative  conditions  specified,  cost-sharing  has 
improved  return  on  investment  to  levels  competitive  with 
other  alternatives.   For  example;  the  real,  before-tax 
average  annual  compound  rate  of  return  was  6.7  percent  for 
common  stocks  from  192  6  to  198  6;  it  was  1.0  percent  for  long- 
term  government  bonds,  1.7  percent  for  long-term  corporate 
bonds,  and  0.3  percent  for  U.S.  Treasury  Bills  (Ibbotson 
Associates  1987) .   Note  that  this  comparison  does  not 
explicitly  consider  differences  in  the  level  of  risk. 

If  sawlog  stumpage  prices  continue  to  increase  in 
relative  value  as  they  have  in  the  past,  investment 
performance  can  be  much  greater.   For  example,  assuming  state 
and  federal  cost-sharing,  if  real  sawlog  stumpage  prices 
increase  0.5  percent  per  year  over  the  entire  rotation,  IRR 
will  increase  by  13  percent  to  5.5  percent  (Fig.  2);  if 
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prices  increase  by  1.0  percent,  IRR  will  increase  by  24 
percent  to  6.0  percent.   As  shown  previously,  these  levels  of 
price  increase  are  not  without  precedent. 

After-tax — Compared  to  cost-sharing,  the  affects  on 
investment  performance  from  income  tax  incentives  such  as  the 
ITC  and  7-year  amortization  of  establishment  costs  are  less 
dramatic  (Table  7  and  Fig.  3) .   For  example,  assuming  a 
marginal  income  tax  rate  of  17.13  percent,  the  greatest 
estimated  increase  in  IRR  is  from  4.5  to  4.7  percent,  an 
increase  of  just  over  5.8  percent.   While  differences  in  IRR 
are  not  great,  the  optimal  tax  strategy  for  this  investment 
is  to  include  cost-share  payments  received  for  stand 
establishment  as  taxable  income,  take  the  ITC,  and  amortize 
the  timber  cost  basis  over  the  first  seven  years.   While  less 
important,  this  advice  also  is  true  at  the  higher  federal  tax 
rate  of  28  percent.   Note  too  that  the  real,  after-tax  IRR  is 
greater  at  the  higher  federal  rate  (Table  7) .   This  is 
because  the  incremental  increase  in  discounted  tax  savings, 
due  to  the  expensing  of  management  costs,  is  greater  than  the 
incremental  decrease  in  discounted  timber  revenues. 

Ecmivalencv  Between  Before-  and  After-tax  IRRs — For  the 
present  investment;  assuming  constant  real  prices,  state  and 
federal  cost-sharing,  inflation  of  4  percent,  optimal  tax 
treatment  (with  respect  to  establishment  costs) ,  and  a 
marginal  income  tax  rate  of  17.13  percent;  a  bef ore-tax  IRR 
of  4.8  percent  (Table  6)  is  equivalent  to  an  after-tax  IRR  of 
4.7  (Table  7).   The  before-  and  after-tax  rates  inflated  to 
nominal  values  are  9.0  and  8.9  percent,  respectively. 

If  the  nominal  before-tax  rate  is  adjusted  to  an  after- 
tax basis  using  the  rule-of -thumb  estimate  (eqn.  3) ,  the 
result  is  7.5  percent.   This  procedure  introduces  an  error  of 
over  19  percent  and,  if  used  as  an  after-tax  discount  rate, 
would  seriously  over  estimate  NPV  under  normal  circumstances. 
The  error  in  estimation  is  a  direct  result  of  the  cash  flow 
pattern  associated  with  the  forestry  investment.   From  this 
example,  it  is  clear  that  eqn.  3  must  be  used  with  caution. 
That  is,  the  alternative  used  to  determine  the  opportunity 
cost  of  capital  must  possess  an  acceptable,  after-tax  cash 
flow  pattern.   This  is  why  a  nondepreciating  asset,  subject 
only  to  normal  income  taxes,  was  assumed  here  as  the 
landowner's  next  best  alternative  investment. 

Rotation  Age — Based  on  maximizing  NPV,  the  optimal 
rotation  age  for  this  investment  ranges  from  70  to  100  years 
depending  on  the  discount  rate,  and  the  price  and  tax 
assumptions  used  in  the  analysis.   At  a  real,  before-tax 
discount  rate  of  6  percent,  the  estimated  optimal  rotation 
age  is  80  years  under  most  price  and  tax  assumptions.   The 
only  exception  is  where  the  federal  income  tax  rate  is  set  at 
28  percent.   In  general,  the  optimal  rotation  age  increases 


as  the  discount  rate  decreases,  the  annual  rate  of  stumpage 
price  appreciation  increases,  as  inflation  increases,  and  as 
the  tax  rate  increases.   These  latter  two  effects  result  from 
using  the  rule-of- thumb  method  (eqn.  3)  to  estimate  the 
nominal,  after-tax  discount  rate. 


CONCLUSION 

The  decision  to  invest  dollars  in  intensive  forest 
management  must  be  weighed  against  other  opportunities. 
Given  the  current  ownership  pattern  and  timber  markets  in  the 
central  hardwood  region,  cost-sharing  of  approved  forest 
management  practices  is  an  important  incentive  for 
encouraging  landowners  to  increase  the  productivity  of  their 
forest  land.   Cost-sharing,  combined  with  preferential  income 
tax  treatment,  serves  to  significantly  increase  return  on 
investment  as  well  as  to  alleviate  the  cash  flow  problem 
faced  by  many  nonindustrial  private  forest  landowners. 
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Table  1.   An  even-aged  upland  hardwood  management  system 
using  natural  regeneration. 

Year  Periodic  Management  Activities 

-1  Site  preparation;  undesirable  species  are  killed 

by  herbicide  treatment  to  reduce  competition  in 
new  stand. 

0  Existing  stand  harvested  (assumes  sufficient 

advanced  reproduction  of  desirable  species) . 

10  &  20      Pre-commercial  thinnings  to  develop  desired 

species  composition.   (All  thinnings  are  from 
below. ) 

30  &  40       Commercial  thinnings  to  60  sq.  ft.  of  basal 
area^. 

50  &  60       Commercial  thinnings  to  70  sq.  ft.  of  basal 
area. 

70,  80,  90,   Final  harvest, 
or  100 

Dollars  Cost  Share 

Costs  Per  Acre  Per  Acre 

Annual  operation  and  maintenance   $  1.50  $   0.00 

Site  preparation                   60.00  54.40^ 

Pre-commercial  thin                60.00  54.4  0 
Harvest  fee  (4  percent  of  sawlog  harvest  revenues) 
Sale  fee  (10  percent  of  sawlog  harvest  revenues) 

^  The  net  value  of  the  first  commercial  thinning  at  age  3  0  is 

set  to  zero,  i.e.,  it  is  assumed  thinning  costs  exactly 

equal  harvest  revenue. 

Includes  transportation  to  site,  fire  break  maintenance, 

and  other  miscellaneous  expenses. 
^  Represents  cost-sharing  under  Illinois  Forestry  Development 

Act  (FDA)  and  Forestry  Incentives  Program  (FIP) . 


Table  2.   Species  composition  for  regenerated  stand,  site 
index  70^. 


Trees/ac 

Year  20 

Species 

Year  0 

1,350 
900 
300 
300 
150 

3,000 

Year  10 

450 
300 
100 
50 
100 

1,000 

Trees/ac 

200 
150 

25 

50 

75 

500 

BA/ac^ 

17.7 
16.6 

4.4 

1.2 

6.5 

46.5 

Avg  dbh 

White  Oak 
Red  Oak 
Sugar  Maple 
Hickory- 
White  Ash 

4.0 
4.5 
4.0 
3.0 
4.0 

Total 

4.1 

Site  index  is  based  on  white  oak,  base  age  50. 
Basal  area  per  acre. 


Table  3.   Per  acre  timber  yields  for  commercial  thinnings  and 
final  harvests  ranging  from  70  to  100  years. 


SITE  INDEX  70 

Fire- 

- 

Fire- 

- 

Year 

wood 

Residues 

Year  wood 

Residues 

White  Ash 

Red  Oak 

(cds) 

(tons) 

(cds) 
70^   7.1 

(tons) 

(bf)^ 

(bf) 

30 

1.8 

8.6 

28.3 

196.2 

5,401.2 

40 

6.1 

6.3 

80    9.3 

35.6 

262.3 

7,447.3 

50 

3.4 

3.8 

90   11.5 

42.2 

306.5 

9,352.0 

60^ 

1.3 

5.9 

100   13.3 

47.3 

333.2 

11,013.8 

^  Thinning  at  age  60  includes  989.8  bf  consisting  of  56%  red 
oak,  40%  ash,  and  4%  white  oak,  with  an  average  stand  dbh 
of  11.7  in. 

"   Average  dbh  is  14.2  in.  at  age  70,  16.0  in.  at  age  80,  17.9 
in.  at  age  90,  and  19.6  in.  at  age  100. 

^  Doyle  log  rule. 


Table  4.   Percentage  log  grade  distributions^  and  associated 
stumpage  prices"  by  species^  and  grade^. 


Veneer 

Prime 

No.  1 

No.  2 

No.  2 

( 

DBH 

ASH 

RO 

WO 

ASH  RO 

WO 

ASH  RO  WO 

ASH  RO  WO 

ASH 

RO 

WO 

(in) 

1 

[%) 

(%) 

(%) 

(%) 

I 

[%) 

12 

0 

0 

0 

0   0 

0 

0   0   0 

75  60  80 

25 

40 

20 

14 

0 

0 

0 

0   0 

0 

45  32  38 

45  39  45 

10 

29 

17 

16 

0 

5 

5 

25  32 

21 

40  28  33 

30  31  33 

5 

4 

8 

18 

0 

6 

6 

40  41 

29 

35  25  30 

20  25  28 

5 

3 

7 

20 

0 

7 

7 

50  50 

37 

30  21  27 

15  20  23 

5 

2 

6 

22 

0 

8 

8 

58  59 

45 

25  18  24 

13  14  18 

4 

1 

5 

24 

0 

9 

9 

66  68 

53 

20  15  21 

11   8  13 

3 

0 

4 

26 

0 

10 

10 

74  76 

60 

15  12  18 

10   2   9 

1 

0 

3 

Species   ($/itibf) 


($/mbf) 


($/mbf) 


($/iiibf) 


($/mbf) 


ASH 

0 

281 

197 

96 

18 

HICK 

0 

124 

94 

40 

18 

MAPLE 

0 

154 

110 

46 

10 

RO 

465 

286 

203 

103 

23 

WO 

1,185 

296 

190 

92 

21 

c 
d 


Percentage  log  grade  distributions  are  derived  from  Dale 
and  Brisbin  (1985),  Myers,  et  al.  (1986),  and  Trimble 
(1965) . 

Sawlog  prices  (Doyle  log  rule)  are  based  on  the  "Illinois 
Timber  Prices  Survey"  reported  by  the  Illinois  Agricultural 
Statistics  Service  and  Illinois  Department  of  Conservation; 
pulpwood  price  is  $2/cd  and  residues  price  is  $l/ton. 
HICK  =  Hickory,  RO  =  red  oak,  and  WO  =  white  oak. 
Purdue  log  grades. 


Table  5.   Timber  volumes  per  acre  and  associated  stumpage 
values  for  a  typical  upland  hardwood  stand  in 
southern  Illinois. 


Site  Index  70 

Per  Acre 

Growing  Stock 

Volume^ 

Pulp- 

Soecies 

Veneer 

Prime 

No.  1  No.  2 

No.  3 

wood 

Residues 

_____   l-/>-^-^'4   ^^^4- 

cds 
0.6 

tons 
0.5 

Ash 

0 

._  — —  _    JJQ 

0 

0       0 

0 

Hickory 

0 

16.7 

41.8    85.2 

23.4 

1.2 

4.0 

Maple 

0 

0 

0       0 

0 

0.8 

1.3 

Red  Oak 

14.1 

239.4 

337.9   619.5 

197.1 

2.2 

7.8 

White  Oak 

247.0 

466.6 

823.5  1070.6 

137.2 

1.7 

11.5 

Totals 

261.1 

722.7 

1203.2  1775.3 

357.7 

6.5 

25.1 

Per  Acre 

!  Growing  Stock 

Value^ 

Species 

Veneer 

Prime 

No.  1   No.  2 

No.  3 

Cords 

Tons 

aoj.j.ars 

Ash 

0 

0 

0       0 

0 

1 

0 

Hickory 

0 

2 

4       3 

0 

2 

4 

Maple 

0 

0 

0       0 

0 

2 

1 

Red  Oak 

6 

68 

68      64 

4 

4 

8 

White  Oak 

293 

138 

156      98 

3 

3 

12 

Totals 

299 

208 

228     165 

7 

12 

25 

The  Central  States  version  of  TWIGS  was  used  to  estimate 
growing  stock  volume  from  inventory  data;  grade 
distributions  are  based  on  Hahn  (1987) . 

Stumpage  prices  used  to  estimate  growing  stock  value  are 
from  Table  4.   Values  are  rounded  to  the  nearest  dollar. 


Table  6.   Bef ore-tax  real  rates  of  return  for  an  upland 
hardwood  marginal  investment^. 


Option 


Annual  Stumpage  Price  Appreciation^ 
p  =  0.0% p  =  0.5% p  =  1.0% 


No  Cost-Share 

State  Cost-Share  Only 

State  &  Fed.  Cost-Share 


(%) 

2.9 
4.1 
4.8 


(%) 

3.6 
4.8 
5.5 


(%) 

4.0 
5.4 
6.0 


^  Land  costs  are  not  included. 

p  =  an  annual  rate  of  real  stumpage  price  appreciation. 


Table  7 .   After-tax  real  rates  of  return  for  an  upland 
hardwood  marginal  investment^. 


Option 

fb 

Annual 
p  =  0. 

Stumpage  Price 
0%   p  =  0.5% 

Apprec . ^ 
p  =  1.0% 

(%) 

(%) 

(%) 

(%) 

Capit. 
Amort. 
Amort. 
Amort. 

,  CS 
,  CS 
,  CS 

,    CS 

Excluded^ 
Excluded® 
Included^ 
Included^ 

2 

4.5 
4.5 
4.7 
4.8 

5.1 
5.2 
5.4 
5.5 

5.7 
5.8 
6.0 
6.1 

Capit. 
Amort. 
Amort. 
Amort. 

,    CS 
,    CS 
,    CS 
,    CS 

Excluded^ 
Excluded® 
Included^ 
Included^ 

4 

4.5 
4.6 
4.7 
4.8 

5.1 
5.1 
5.3 
5.5 

5.7 
5.8 
5.9 
6.0 

Capit. 
Amort. 
Amort. 
Amort. 

,  CS 
,  CS 
,    CS 
,  CS 

Excluded^ 
Excluded® 
Included^ 
Included^ 

6 

4.5 
4.6 
4.7 
4.8 

5.1 
5.2 
5.3 
5.4 

5.7 
5.8 
5.9 
6.0 

Land  costs  are  not  included;  state  and  federal  cost-sharing 

are  included. 

f  =  inflation. 

p  =  an  annual  rate  of  real  stumpage  price  appreciation. 

Establishment  costs  are  capitalized  to  end  of  rotation, 

cost-share  payments  (CS)  are  excluded  from  taxable  income. 
®  Establishment  costs  are  amortized  over  the  first  7  years,  a 

10  percent  investment  tax  credit  is  taken,  cost-share 

payments  are  excluded  from  taxable  income. 

Same  as  above  except  that  cost-share  payments  are  included 

in  taxable  income. 
^  Same  as  above  except  that  the  federal  income  tax  rate  is 

changed  from  15  to  28  percent.   This  assumes  an  increase  in 

nontimber  taxable  income  from  $25,000  to  $30,000  per  year. 

The  state  tax  rate  is  kept  at  2 . 5  percent. 
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The  effect  of  cost-sharing  on  net  present  value 
and  the  real,  bef ore-tax  internal  rate  of  return 
Sawlog  stumpage  prices  are  assumed  to  appreciate 
in  relative  value  at  an  annual  rate  of  0.5 
percent.   The  optimal  rotation  age  varies  along 
the  net  present  value  curve. 
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Figure  2 . 


The  effect  of  alternative  annual  rates  of  relative 
stumpage  price  appreciation  (p)  on  net  present 
value  and  the  real,  bef ore-tax  internal  rate  of 
return.   State  and  federal  cost-sharing  are 
included.   The  optimal  rotation  age  varies  along 
the  net  present  value  curve. 
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Figure  3 . 


The  effect  of  alternative  income  tax  options  on 
net  present  value.   Sawlog  stumpage  prices  are 
assumed  to  appreciate  in  relative  value  at  an 
annual  rate  of  0.5  percent.   Inflation  is  set  to  4 
percent. 


ONIVERSiTY  Of  latNOffl  ^ 

FORESTRY  RESEARCH       "~™"'" 

(-^"Z?  REPORT     agricultural  experiment  station 

f^yC^c^Q  department  of  forestry        university  of  illinois  at  urbana-champaign 

^^^-^l/oT  88-12  December,    1988 

The  Economics  of  Short-rotation  Intensive  Culture  in  Illinois 

and  the  Central  States 

Gene  E.  Campbell"'- 


Introduction 

Management  objectives.   Short-rotation  intensive  culture 
(SRIC)  can  provide  biomass  feedstocks  suitable  for  fuel  and 
chemicals  (Henry  and  Salo  ca.l980,  Jones  and  Shen  1982,  Chow 
et  al.  1983b,  and  Meridian  Corporation  1986) .   SRIC  species 
also  may  be  suitable  for  paper  and  building  boards  (Chow  et 
al.  1983a) ,  and  as  animal  feed  supplements  (Meridian 
Corporation  1986) .   However,  the  primary  management  objective 
of  SRIC  has  been  the  maximization  of  woody  biomass  yield  per 
hectare  per  year  (Meridian  Corporation  1986) .   From  an 
economic  perspective,  the  objective  of  the  SRIC  forest 
manager  should  be  to  maximize  profit  from  the  sale  of  woody 
biomass  over  the  life  of  the  plantation  (Vyas  and  Shen 
1982a) ,  including  all  subsequent  harvests  (Shen  et  ai.  1982) . 

Data  problems  prevent  a  fine  tailoring  of  an  economic 
optimal  strategy.   However;  given  the  over-all  SRIC  objective 
of  producing  biomass  feedstocks  for  fuel,  pulp,  or 
extractives;  management  scenarios  can  be  developed  which  seek 
maximal  production  at  least-cost.   This  is  the  guiding 
principle  behind  the  present  analysis. 

General  management  plan.   Privately  owned  marginal  farm 
land  and  reclaimed  mined  land  in  southern  Illinois  are 
targeted  for  SRIC  forestry.   The  general  objective  is  to  grow 
silver  maple  under  short-rotations  of  5  years  for  fuelwood, 
pulpwood,  or  extractives  depending  on  future  market 
conditions  and  circumstances.   It  is  anticipated  that  one 
seedling  and  four  coppice  harvests,  spaced  equally  apart, 
will  be  obtained  from  an  initial  planting.   Municipal 
wastewater  and  sludge  are  to  be  substituted  for  fertilization 
and  irrigation  to  simultaneously  reduce  production  costs  and 
maintain  biomass  yields  at  maximal  levels. 
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Total  tract  size  also  is  an  important  variable  because 
it  determines  the  economic  efficiency  of  various  equipment. 
In  the  present  analysis,  custom  rates  are  used  to  estimate 
the  cost  of  field  operations.   These  rates  are  fairly 
constant  between  field  sizes  of  100  to  500  acres  (Campbell 
and  Majerus  1986) .   Since  tracts  larger  than  120  acres  are 
not  typically  available  in  the  Lake  States  (Ferguson  et  al. 
1981) ,  the  use  of  custom  rates  should  pose  no  problem 
regarding  economies  of  scale.   The  Meridian  Corporation 
(1986)  recommends  that  plantings  should  be  laid  out  in  blocks 
up  to  40  acres  in  size,  with  access  lanes  between  blocks. 
This  type  of  layout  will  aid  fire  and  disease  prevention, 
irrigation,  and  harvesting. 

The  bulk  of  the  management  prescriptions  and 
recommendations  documented  below  are  based  on  research 
utilizing  Populus  hybrids.   This  is  because  silver  maple  has 
not  been  so  extensively  studied.   However,  since  silver  maple 
possesses  many  of  the  same  characteristics  as  poplars,  it  is 
assumed  its  management  under  SRIC  objectives  will  be  similar 
as  well. 


Start-up  Costs 

Species  and  site  selection  are  critical  to  the  success 
of  the  SRIC  enterprise.   Candidate  species  for  SRIC  should 
exhibit  rapid  juvenile  growth,  adaptability  to  varying  site 
conditions,  ease  of  establishment  and  regeneration,  and 
freedom  from  major  insect  and  fungal  pests  (Henry  and  Salo 
ca.l980).   Silver  maple  does  possess  these  qualifying 
attributes.   In  addition,  it  is  necessary  to  develop  a 
management  plan  on  which  to  base  day-to-day  operations. 
Rental  and  contractual  agreements  may  need  to  be  established 
as  well  as  potential  buyers  for  the  biomass  feedstocks 
produced.   Start-up  costs,  such  as  those  outlined  above,  are 
estimated  to  be  five  percent  of  establishment  and  contingency 
costs  (Argonne  National  Laboratory  1985) . 


Net  Land  Rent  and  Property  Taxes 

In  general,  an  optimum  site  for  SRIC  consists  of  a  deep, 
medium-textured  soil,  where  root  penetration  is  uninterrupted 
to  at  least  3  feet,  and  the  soil  is  well-drained  with  good 
moisture  holding  capacity  (Meridian  Corporation  1986)  . 
Marginal  farm  land  often  possesses  such  characteristics  and 
is  valued  in  the  present  analysis  at  $425  per  acre;  reclaimed 
mined  land  is  valued  at  $350  per  acre  (Scott  1987) .   Assuming 
that  five  percent  more  land  would  need  to  be  purchased,  or 
leased,  than  is  actually  planted  (Rose  et  al.  1981) ,  raises 
effective  land  costs  to  $446.25  and  $367.50  per  acre, 
respectively.   Using  a  capitalization  rate  of  six  percent 


(assuming  a  one  percent  adjustment  for  increased  risk  and 
variance) ,  respective  net  site  rents  for  marginal  land  and 
reclaimed  mined  land  are  $26.78  and  $22.05  per  acre,  or 
$66.17  and  $54.49  per  hectare.   Property  taxes,  assuming  that 
they  are  17.86  percent  of  net  land  rent  plus  taxes  (Chicoine 
1986),  equal  $14.39  and  $11.85  per  hectare,  respectively. 

Site  Preparation 

Tillage  system.   Site  preparation  improves  soil 
structure  and  aeration,  controls  weed  competition  and  pest 
damage,  and  facilitates  accessibility  (Meridian  Corporation 
1986) .   In  addition,  it  has  been  shown  that  appropriate  site 
preparation  results  in  increased  survival  and  yield  (Henry 
and  Salo  ca.l980).   Furthermore,  the  costs  of  good  site 
preparation  may  be  offset  by  even  greater  savings  (for  weed 
control)  later  on  (Hansen  et  al.  1984b) . 

Successful  and  consistent  establishment  of  hybrid  poplar 
under  most  conditions  requires  (1)  fall  application  of  a 
contact  herbicide  followed  by  plowing  and  disking,  (2)  spring 
disking  and  application  of  a  pre-emergent  herbicide  at  the 
time  of  planting,  and  (3)  on  some  sites,  post-planting 
cultivation  or  application  of  a  contact  herbicide  during  the 
middle  of  the  first  growing  season  (Perlack  et  al.  1986) . 

Using  conventional  tillage,  the  land  is  moldboard 
plowed,  followed  by  disking  in  the  summer  or  fall  prior  to 
planting  (Meridian  Corporation  1986) .   Hansen  et  al.  (1984b) 
state  that,  from  an  operational  standpoint,  fall-plowing  is 
probably  the  best  site  preparation  treatment.   Custom  field 
power,  machine  fuel,  and  labor  costs  for  moldboard  plowing 
and  tandem  disking  (in  Illinois)  are  $13.25  and  $6.00  per 
acre,  or  $32.74  and  $14.83  per  hectare,  respectively  (Hinton 
1986) . 

Conventional  tillage  can  be  used  on  cleared  ground, 
however,  if  soils  are  light  and  noncompacted,  a  no-till 
approach  using  herbicides  can  also  be  successful  (Meridian 
Corporation  1986) .   Complete  no-till  is  appropriate  only  on 
well-drained  sites  where  the  soil  has  not  been  compacted  by 
previous  use  (Meridian  Corporation  1986) .   No-till  is 
advantageous  because  it  minimizes  soil  erosion  and  conserves 
soil  moisture  (Meridian  Corporation  1986) .   Also,  it  has  been 
observed  that  no-till  performs  best  in  the  more  southern  part 
of  the  North  Central  Region  because  the  residual  plant 
material  on  the  ground  tends  to  keep  the  soil  cooler  and 
damper  (Hansen  1987) . 

If  complete  no-till  is  used,  the  area  is  simply  sprayed 
with  glyphosate  in  late  summer  or  fall  prior  to  planting, 
with  or  without  prior  mowing  (Meridian  Corporation  1986). 


For  the  no-till  option  in  the  present  analysis,  the  only 
change  is  the  elimination  of  moldboard  plowing  in  the  fall 
and  disking  in  the  spring.   There  is  no  justification  at  this 
time  for  altering  herbicide  application  rates  or  schedules 
from  current  recommendations  (Hansen  1987) .   However,  the 
risk  is  greater  for  reduced  yields  since  many  SRIC  species  do 
better  if  planted  after  soil  aeration. 

Weed  control.   One  of  the  most  critical  factors  in 
establishing  and  managing  short-rotation  intensively  cultured 
poplar  plantations  is  weed  control  (Jones  and  Shen  1982, 
Hansen  et  al.  1983,  Hansen  et  al.  1984a,  Hansen  and  Netzer 
1985,  and  Perlack  et  al.  1986) .   In  fact,  it  has  been  shown 
that  one  year  tree  height  can  be  approximately  doubled 
through  effective  weed  control  (Jones  and  Shen  1982) .   A 
strong  weed  control  program  is  even  more  critical  where 
fertilization  is  used  (Meridian  Corporation  1986) .   According 
to  Henry  and  Salo  (ca.l980),  a  successful  weed  control 
program  will  depend  on  many  site-specific  features,  such  as 
previous  use  of  the  site,  species  grown,  moisture,  and 
climate. 

Based  on  recent  research,  the  most  successful  plantation 
establishment,  results  from:  (1)  fall  application  of  a 
contact  herbicide  (e.g.,  glyphosate)  followed  by  plowing 
(fall  disking  is  probably  not  needed) ,  (2)  spring  disking  and 
application  of  a  pre-emergent  herbicide  (e.g.,  linuron)  at 
the  time  of  planting,  and  (3)  cultivation  or  application  of  a 
contact  herbicide  during  the  spring  of  the  second  growing 
season  (Hansen  et  al.  1984a) . 

The  current  cost  of  glyphosate  (Roundup)  is  $70  per 
gallon  at  3  pounds,  active  ingredient,  per  gallon  and  $6.46 
per  pound  for  linuron  (Lorox  50W)  (Hinton  1987) .   This 
translates  into  $51.43  per  kg  for  glyphosate  and  $14.24  per 
kg  for  linuron.   Field  spraying,  assuming  a  40  foot  boom 
sprayer  is  used,  costs  $3.25  per  acre  or  $8.03  per  hectare 
(Hinton  1986).   Thus,  the  total  cost  of  applying  1.7  kg  a.i. 
per  hectare  of  glyphosate  is  $95.47,  the  total  cost  of 
applying  1.5  kg  a.i.  per  hectare  of  linuron  is  $29.39,  and 
the  total  cost  of  applying  1  kg  a.i.  per  hectare  of 
glyphosate  is  $59.46.   The  cost  of  mowing  is  $5.00  per  acre 
or  $12.36  per  hectare  (Hinton  1986). 

Fertilization.   "In  general,  fertilization  seems  to  be 
required  for  optimum  biomass  productivity.   Its  level  and 
application  schedule  will  depend  on  species,  site,  climatic 
conditions,  and  the  nutrient  composition  of  the  soil  prior  to 
planting"  (Perlack  et  al.  1986) .   However,  it  must  be 
stressed  that  fertilizer  should  only  be  applied  if  foliar  or 
soil  analyses  show  it  to  be  necessary  (Meridian  Corporation 
1986) . 


Frequent  recommendations  call  to  fertilize  annually  with 
100  pounds  N  per  acre  per  year  (equivalent  to  3  00  pounds  per 
acre  per  year  of  ammonium  nitrate)  (Hansen  et  al.  1983) . 
This  is  because  the  most  limiting  nutrient  on  most  sites  is 
nitrogen  (Meridian  Corporation  1986) .   Preliminary  tests  have 
shown  no  significant  difference  in  biomass  production  between 
single  and  multiple  nitrogen  fertilizer  applications  at  200 
kg  per  hectare  per  year  (Geyer  and  Melichar  1986) . 

If  the  soils  have  high  initial  organic  matter  content 
and  weed  control  is  excellent,  it  may  be  unnecessary  to 
fertilize  the  first  year  or  two  (Hansen  et  al.  1983) .   In 
fact,  Bowersox  et  al.  (1982)  found  the  major  advantage  from 
fertilization  to  be  in  the  second  growing  season.   This  is 
consistent  with  Norby's  (1987)  recommendation  to  increase  the 
nitrogen  application  rate  as  the  trees  get  larger  since  the 
effect  of  nitrogen  is  greater  for  larger  plants. 

Cultural  management  activities  recommended  by  the  U.S. 
Department  of  Energy  include  application  of  fertilizer  in 
years  one  and  three  of  the  seedling  or  first  rotation,  and  in 
year  one  of  the  coppice  rotation.   Herbicides  are  applied  in 
years  one  and  two  of  the  first  rotation  to  control  weeds. 
Pesticides  are  applied  in  years  two  and  four  in  both  the 
seedling  and  coppice  growing  rotations  (Perlack  et  al.  1986) . 

For  the  present  analysis,  fertilization  is  expected  to 
cost  $40  per  acre  or  $98.84  per  hectare  for  one  full  rotation 
(Campbell  and  Majerus  1986) .   This  assumes  an  one-time 
application  charge  of  $5.00  per  acre  or  $12.36  per  hectare 
(Hinton  1986) .   During  the  seedling  rotation,  fertilizer  is 
applied  twice,  once  during  the  first  growing  season  and  once 
during  the  second  at  a  cost  of  $55.60  per  hectare  for  each 
application.   For  the  coppice  rotations,  fertilizer  is 
applied  only  once  (at  $98.84  per  hectare)  during  the  first 
growing  season. 

Management  options  also  are  presented  which  substitute 
the  application  of  municipal  sludge  and  wastewater  for  the 
above  fertilization  schedule.   The  municipality  assumes  all 
costs  for  sludge  application  and  all  capital  irrigation 
costs.   The  landowner  pays  the  cost  of  maintaining  the  on- 
site  irrigation  equipment. 

Liming.   Lime  is  added  as  necessary  to  raise  soil  pH 
above  5.5  (Hansen  et  al.  1983).   In  fact,  the  optimum  pH  for 
SRIC  species  ranges  from  5.5  to  6.5  (Meridian  Corporation 
1986) .   The  cost  of  lime  in  Illinois  (including  application) 
is  $12.05  to  $13.05  per  ton  applied,  depending  on  distance 
from  quarry  (Hinton  1987).   A  charge  of  $6.00  per  acre,  or 
$14.83  per  hectare,  is  used  in  the  analysis  for  lime 
including  application  (Campbell  and  Majerus  1986) .   It  is 


assumed  that  liming  is  required  once  during  the  start  of  each 
rotation. 

Irrigation.   The  benefit  of  increased  yields  is  a  major 
reason  to  irrigate,  other  benefits  include  reduced  costs  for 
land,  harvesting,  transportation,  and  property  taxes  which 
result  from  growing  more  fiber  on  less  acreage  (Hansen  1983) . 
Additional  benefits  of  irrigation  may  be  the  disposal  of 
wastes  and  to  secure  a  source  of  raw  material  for  a  mill 
(Hansen  1983) .   Also,  irrigation  may  make  the  difference 
between  survival  and  failure  in  a  dry  year  (Rose  et  al.  1981 
and  Jones  and  Shen  1982) .   In  addition,  in  a  study  by 
Brockway  (ca.l980),  irrigation  extended  the  seedling  growing 
season.   One  disadvantage  cited  was  that  frequent  irrigation 
may  lead  to  shallow  root  development,  making  the  trees 
extremely  susceptible  to  drought  injury  (Cooley  ca.l980). 

Supplementing  natural  rainfall  through  irrigation, 
especially  on  drier,  inherently  fertile  or  fertilized  sites, 
can  result  in  substantial  increases  in  growth  and  yield, 
often  50  percent  or  more  (Meridian  Corporation  1986) .   It  is 
recommended  that  at  the  time  of  planting,  soil  moisture  be 
maintained  as  close  to  field  capacity  as  possible,  and 
slightly  higher  thereafter  (Hansen  et  al.  1983) .   Flood, 
sprinkler,  and  trickle  irrigation  are  the  common  systems 
available  for  use.   A  traveling  gun  system  has  also  been  used 
(Ferguson  et  al.  1981) . 

An  alternative  to  irrigation  is  weed  control.   "Careful 
site  selection,  weed  control,  and  planting  species  or  clones 
with  a  high  water-use  efficiency  are  much  more  economical 
means  of  assuring  adequate  moisture  conditions"  (Meridian 
Corporation  1986) .   Hansen  (1983)  found  that  under  good  weed 
control,  there  seemed  to  be  little  need  for  irrigation  during 
the  year  of  plantation  establishment,  even  during  an 
exceptionally  dry  summer,  however,  significant  biomass 
differences  were  produced  for  2-year-old  trees. 

For  certain  sites,  the  addition  of  wastewaters  and 
sludges  seems  a  more  economically  attractive  means  of 
supplementing  nutrients  and  water  (Meridian  Corporation 
1986) .   Benefits  are  especially  attractive  for  marginal  soils 
and  during  dry  seasons  (Cooley  ca.l980).   In  addition,  it  has 
been  found  that  the  land  disposal  of  municipal  wastes  does  an 
excellent  job  of  pollutant  removal  and  in  a  very  cost- 
effective  manner  (Stephen,  et  al.  1987) .   Because  of  these 
positive  attributes,  a  land  treatment  system  was  recently 
evaluated  for  Tuscola,  Illinois.   The  land  disposal  strategy 
included  a  pumping  station  and  force  main;  preapplication 
treatment  facilities  including  a  two-cell  deep  aerated 
lagoon,  storage  lagoon,  and  chlorination  facilities;  an 
irrigation  pumping  station  and  pipeline;  center  pivot 
irrigation  machines;  an  irrigation  area  under  drainage  system 


6 


(if  necessary) ;  and  groundwater  monitoring  wells  at  the 
irrigation  site  (Stephen,  et  al.  1987) . 

Three  options  are  used  for  irrigation  in  the  analysis: 
(1)  good  weed  control  and  site  selection  is  substituted  for 
irrigation;  (2)  for  reclaimed  mined  lands,  irrigation  is  used 
only  during  drought  periods  (which  occur  during  the  first  two 
years  of  plantation  establishment)  using  water  trucks;  and 
(3)  for  marginal  farm  lands,  municipal  wastewater  irrigation 
is  used  throughout  each  growing  season.   Municipal  sludge  is 
substituted  for  commercial  fertilizer  in  options  2  and  3. 
Obviously,  for  option  1,  irrigation  costs  are  set  to  zero. 
For  option  2,  acceptable  irrigation  costs  are  determined  as  a 
residual,  that  is,  assuming  drought  does  occur  and  replanting 
is  required,  what  is  the  maximum  the  SRIC  manager  can  afford 
to  spend  on  irrigation  without  reducing  profits  past  the 
point  of  doing  nothing  (i.e.,  irrigating  or  not  irrigating)? 
Finally,  for  option  3,  the  municipality  assumes  all  capital 
costs,  the  SRIC  manager  only  pays  for  maintaining  the  on  site 
irrigation  equipment  at  $41  per  acre,  or  $101.31  per  hectare, 
per  year. 

Since  option  2  refers  to  drought,  it  is  necessary  to 
know  the  history  of  drought  in  Illinois.   Based  on  Hilberg 
and  Changnon  (1984) ,  droughts  were  relatively  frequent  events 
in  Illinois  from  1909  through  1941.   However,  since  that 
time,  they  have  been  less  frequent.   Two  severe  droughts 
struck  in  1953-1956,  since  then  there  have  been  only  three 
other  droughts,  and  (until  the  summer  of  1988)  none  of  major 
statewide  significance. 

Drainage.   If  drainage  is  necessary  (i.e.,  standing 
water  or  a  water  table  just  below  the  soil  surface  is 
expected  to  cause  poor  soil  aeration) ,  it  should  be  done 
prior  to  planting  (Meridian  Corporation  1986) .   Also,  if 
wastewater  is  applied,  drainage  may  be  required.   In  this 
case,  the  tiling  is  assumed  to  be  paid  by  the  municipality. 


Plantation  Establishment 

Planting  stock  selection.   "Poplars  have  been  the  most 
widely  tested  trees  for  SRIC  in  the  North  Central  Region  and 
represent  the  first  choice  of  many  growers"  (Meridian 
Corporation  1986) .   However,  silver  maple  is  adaptable  to  a 
wide  range  of  sites,  they  exhibit  fairly  rapid  growth  and 
coppice  vigorously  from  cut  stumps,  are  relatively  pest  free, 
and  are  resistant  to  heat  and  drought.   They  are  also  more 
tolerate  of  compacted  soils,  and  therefore,  are  better 
adapted  to  mine  spoils.   Silver  maple  does  not,  however, 
propagate  from  stem  cuttings  and  must  be  planted  as  seedlings 
(Meridian  Corporation  1986) .   These  attributes  make  silver 
maple  a  prime  candidate  for  SRIC,  especially  in  the  southern 


parts  of  the  North  Central  Region  (Meridian  Corporation 

1986) .  f 

To  insure  survival  and  future  development,  it  is 
recommended  that  seedling  root-collar  diameters  be  between 
0.3  to  0.5  inches;  1-year-old  nursery  grown  seedlings  will 
generally  satisfy  this  requirement  (Henry  and  Salo  ca.l980). 
The  best  seed  source  should  be  used  and  only  healthy  trees 
planted.   Mixed  species  should  not  be  planted  unless  the 
particular  mix  has  a  proven  performance  record  (Meridian 
Corporation  1986) .   In  the  present  analysis,  a  per  seedling 
cost  of  $0.17  is  assumed. 

Planting  density.   "The  ideal  spacing  for  SRIC  depends 
upon  the  management  objectives,  the  species  being  grown,  and 
available  markets"  (Meridian  Corporation  1986) .   Tree 
spacings  for  SRIC  normally  range  from  3x3  to  6x8  feet,  or 
4,840  to  908  stems  per  acre,  respectively  (Meridian 
Corporation  1986) .   The  cost  of  plantation  establishment, 
required  duration  of  weed  control,  prevalence  of  disease, 
rotation  length,  final  size  of  crop  trees,  biomass 
distribution  among  tree  components,  nutrient  removal,  type  of 
harvesting  machinery,  harvesting  costs,  and  wood  recovery 
from  the  harvested  biomass  are  all  influenced  by  tree  spacing 
(Hansen  et  al.  1983  and  Meridian  Corporation  1986) .   Based  on 
Hansen  et  al.  (1983) ,  the  ideal  spacing  probably  lies 
somewhere  between  3.3x3.3  feet  and  10x10  feet.  ^ 

In  this  analysis,  silver  maple  is  planted  on  a  4x4  foot 
(1.2x1.2  meter)  spacing  at  2,725  trees  per  acre  (t.p.a.),  or 
6,734  trees  per  hectare.   The  rotation  period  is  assumed  to 
be  5  years  for  both  the  seedling  and  coppice  rotations.   A 
total  of  5  harvests  are  planned  before  replanting  becomes 
necessary. 

Planting  method.   The  planting  operation  is  one  of  the 
critical  steps  in  SRIC  (Meridian  Corporation  1986) .   Planting 
machines  like  the  common  continuous-furrow  planter  are 
usually  used,  but  hand  planting  is  also  acceptable  (Meridian 
Corporation  1986) .   Planting  is  normally  done  in  the  spring, 
the  rule-of-thumb  is  to  plant  any  time  after  the  frost  leaves 
the  ground  (Hansen  et  al.  1983  and  Meridian  Corporation 
1986) .   For  the  present  analysis,  the  trees  are  machine 
planted  at  a  cost  of  $0.02  per  tree. 

Site  Maintenance 

Weed  control.   The  two  basic  approaches  to  weed  control 
are  cultivation  and  the  use  of  herbicides  (Meridian 
Corporation  1986).   In  general,  chemical  weed  control  offers 
greater  flexibility,  lower  cost,  and  season-long  control  with 
a  single  application  (Meridian  Corporation  1986) .   In  terms         / 
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of  suir/ival  and  growth,  the  most  benefit  from  weed  control  is 
derived  from  first-year  weed  suppression  (Meridian 
Corporation  1986) .   In  fact,  for  dense  plantations,  weed 
control  will  be  necessary  only  for  the  first  year  (Hansen  et 
al.  1983) .   Likewise,  weed  control  with  herbicides  should 
only  be  necessary  during  the  first  season  after  a  harvest 
(Meridian  Corporation  1986) .   It  is  assumed  for  analysis  that 
in  the  spring  after  each  harvest,  glyphosate  is  broadcast 
sprayed  at  a  rate  of  1  kg  a.i.  per  hectare  at  a  cost  of 
$59.46  per  hectare. 

Disease  &  pest  management.   Protection  of  the  plantation 
from  insects,  diseases,  animals,  and  fire  is  necessary.   It 
is  recommended  that  the  best  strategy  is  to  employ  the 
principles  of  integrated  pest  management,  that  is,  the 
planting  of  pest-resistant  species,  the  use  of  biological  and 
silvicultural  control  measures  when  possible,  and  the  use  of 
pesticides  only  as  a  last  resort  (Meridian  Corporation  1986) . 

It  is  to  be  remembered  that  control  does  not  have  to  be 
100  percent,  for  example,  moderate  defoliations,  if  not 
repeated,  seldom  result  in  substantial  growth  loss  (Meridian 
Corporation  1986) .   In  addition,  stem  cankers  (one  of  the 
major  problems  in  SRIC  stands)  usually  do  not  become  serious 
until  the  trees  are  5  to  10  years  old  (Meridian  Corporation 
1986) ,  by  that  time,  the  trees  are  likely  to  be  harvested. 
Disease  and  pest  control  costs  are  not  included  in  the 
present  analysis. 

Fertilization.   Nutrient  levels  in  the  sprout  foliage 
should  be  checked  early  in  the  first  summer  following  harvest 
to  determine  if  fertilization  is  necessary  (Meridian 
Corporation  1986) .   If  commercial  fertilizer  is  used,  it  is 
applied  at  a  cost  of  $98.84  per  hectare  at  the  start  of  each 
coppice  rotation.   For  other  options,  it  is  assumed  that 
sludge  is  applied  at  no  cost  to  the  landowner,  during  the 
beginning  of  each  rotation. 

Liming.  Soil  pH  is  maintained  between  5.5  and  6.5 
through  the  application  of  lime  at  a  cost  of  $14.83  per 
hectare.   Lime  is  applied  at  the  start  of  each  rotation. 

Irrigation.   If  continuous  irrigation  is  used,  the 
landowner  is  expected  to  pay  the  maintenance  costs  of  $101.31 
per  hectare  per  year. 

Annual  administration.   The  U.S.  Department  of  Energy 
has  reported  the  average  annual  costs  for  plantation 
supervision,  silvicultural  labor,  and  miscellaneous 
plantation  expenses  to  be  $25  per  hectare  per  year  (Perlack 
and  Ranney  1987) .   In  the  present  analysis,  annual 
administration  costs  have  been  set  at  $25  per  hectare. 


Growth  and  Yield 

Productivity  may  be  one  of  the  dominant  factors 
influencing  biomass  production  costs  (Henry  and  Salo 
ca.l980).   Productivity  is  expressed  as  biomass  yield  which 
is  usually  defined  as  the  above-ground  weight  of  trees  per 
unit  area,  excluding  foliage,  calculated  on  an  oven-dry  basis 
(Meridian  Corporation  1986) . 

To  maximize  woody  biomass  production  over  time,  the 
plantation  should  be  harvested  when  mean  annual  increment 
(MAI)  culminates.   That  is,  when  the  average  physical  product 
of  the  stand  is  a  maximum.   The  closer  the  spacing,  the 
sooner  MAI  will  culminate  and  the  shorter  the  rotation 
(Meridian  Corporation  1986) .   Unfortunately,  good  yield  data 
is  not  widely  available  on  which  to  base  MAI  calculations 
(Meridian  Corporation  1986) . 

Geyer  and  Melichar  (198  6)  found  the  average  woody 
biomass  productivity  rate  from  382  nationwide  SRIC  research 
tests  to  be  5.6  dry  Mg  per  hectare  per  year.   They  expect  by 
utilizing  the  best  management  techniques  and  selected 
species,  clones,  or  hybrids,  productivity  can  be  increased  by 
at  least  125  percent.   This  expectation  is  consistent  with 
other  research  results.   For  example,  "the  annual  "working 
maximum"  leafless,  oven-dry  biomass  increment  of  experimental 
SRIC  plantations  grown  for  rotations  of  4  to  5  years 
generally  has  not  exceeded  4.5  to  5.4  tons  per  acre  (10  to  12 
Mg  per  hectare)  in  the  first  rotation  after  planting, 
although  higher  values  have  been  reported"  (Meridian 
Corporation  1986).   These  yields  (e.g.,  10  to  12  Mg  per 
hectare)  were  obtained  using  vigorous  clones  growing  in 
fertile  soils  with  weed  control,  but  without  irrigation 
(Cannell  and  Smith  1980) .   It  should  be  noted  that  existing 
yield  data  is  based  on  small  research  plots,  and  that  average 
yields  from  large  plantations  are  expected  to  be  lower 
(Meridian  Corporation  1986) . 

Given  that  the  site,  species,  and  intensity  of 
management  are  about  the  same,  maximum  MAI  is  not  necessarily 
different  under  varying  spacings  and  rotation  ages  (Meridian 
Corporation  1986) .   Thus,  the  potential  of  a  site  to  produce 
biomass  under  a  certain  set  of  biological  and  physical 
conditions  appears  to  be  fixed;  the  variable  that  can  be 
influenced  under  a  given  intensity  of  management  is  the  time 
required  to  achieve  maximum  yearly  biomass  growth  (Meridian 
Corporation  1986) .   This  conclusion  is  supported  by  other 
researchers.   For  example,  Woodfin  et  al.  (1987)  found  no 
significant  relationship  to  exist  between  average  yields  and 
initial  planting  density.   Therefore,  within  reasonable 
limits,  variation  in  spacing  has  little  effect  on  sustained 
biomass  yield  as  long  as  harvesting  coincides  with 
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culmination  of  mean  annual  biomass  increment  (Hansen  et  al . 
1983)  . 

"With  harvest  cycles  of  5  years  or  less,  coppice  stands 
may  produce  more  biomass  per  unit  of  land  than  stands  arising 
from  planted  stock  because  root  systems  are  established  and 
stem  density  increases  significantly  due  to  multiple 
sprouting"  (Meridian  Corporation  1986) .   In  fact,  Perlack  et 
al.  (1986)  projected  productivity  rates  to  be  about  20  to  80 
percent  greater  for  coppice  harvests.   Coppice  biomass  yields 
20  to  100  percent  greater  than  the  initial  rotation  were 
reported  by  the  Meridian  Corporation  (1986) .   Perlack  et  al. 
(1986)  used  an  average  productivity  rate  of  12  dry  Mg  per 
hectare  per  year  in  the  first  or  seedling  rotation  and  14.4 
dry  Mg  per  hectare  per  year  in  the  coppice  rotation. 

Unselected  seed  sources  of  silver  maple  have  been  less 
productive  than  the  poplars  (Meridian  Corporation  1986) . 
This  is  not  surprising  since  little  genetic  improvement  has 
been  done  on  silver  maple  (Meridian  Corporation  1986) .   Thus, 
the  true  yield  potential  of  silver  maple  is  as  yet  unknown. 

Reported  yields  (average  MAI)  at  two  years  of  age  for 
silver  maple  grown  on  small  experimental  plots  in  Kansas  was 
2  tons  per  acre  per  year  for  the  initial  rotation  and  3  tons 
per  acre  per  year  for  the  coppice  rotation  (Meridian 
Corporation  1986) .   Spacing  was  variable  and  the  sites  were 
not  irrigated.   In  southern  Illinois,  Rolfe  and  Moore  (1984) 
reported  average  wood  yields  for  silver  maple  to  be  3.79  dry 
tons  per  acre  per  year  (8.5  MT/ha) ,  based  on  spacings  of 
18x30  inches  (46x76  cm) . 

Yields  for  unfertilized  and  unirrigated  silver  maple 
planted  on  a  1.2x1.2  meter  spacing  under  a  five  year  rotation 
is  expected  to  be  4.5  dry  Mg  per  hectare  per  year  for  the 
seedling  harvest  and  6.7  dry  Mg  per  hectare  per  year  for  the 
coppice  harvests.   Yields  produced  under  fertilization  and 
irrigation  are  expected  to  be  6.7  dry  Mg  per  hectare  per  year 
and  10.1  dry  Mg  per  hectare  per  year  for  the  seedling  and 
coppice  harvests,  respectively.   For  each  option  evaluated, 
yields  are  maintained  at  the  maximal  levels  given  above. 


Harvesting 

Harvesting  productivity  and  cost  is  influenced  by  a 
number  of  factors  including  site  conditions,  the  distance 
between  trees,  and  tree  size  or  volume  (Meridian  Corporation 
1986) .   Harvesting  costs  normally  decrease  as  spacing  and 
rotation  age  increase  (Hansen  et  al.  1983) .   In  the 
relatively  homogeneous  physical  environment  of  a  SRIC 
plantation,  the  main  reason  for  this  decrease  in  harvesting 
cost  is  increasing  tree  size  (Meridian  Corporation  1986) . 
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Harvesting  should  take  place  during  the  dormant  season 
to  ensure  high  stump  survival  and  vigorous  coppice  regrowth 
(Meridian  Corporation  1986) .   Also,  stump  rupture  should  be 
avoided  during  harvest  and  a  smooth  cut  made  as  close  as 
possible  to  the  soil  (Henry  and  Salo  ca.l980).   Soil 
compaction  should  also  be  minimized  (Meridian  Corporation 
1986) .   "A  general  rule-of -thumb  to  assure  vigorous  sprouting 
is  to  wait  at  least  one  month  past  the  completion  of  bud  set 
in  stands  before  beginning  harvesting  and  cease  harvesting  a 
month  before  bud  flushing  in  the  spring"  (Meridian 
Corporation  1986) . 

Unfortunately,  harvesting  methods  and  equipment  which 
meet  SRIC  requirements  with  acceptable  costs  have  not  been 
fully  developed  (Meridian  Corporation  1986) .   Strauss  et  al« 
(1987)  also  found  this  to  be  true  in  that  most  harvesting 
strategies  are  based  on  either  developing  technologies  or 
adaptations  from  the  harvest  of  domestic  forests. 

Current  recommendations  of  the  Tennessee  Valley 
Authority  (TVA)  for  SRIC  harvester  design  include  the  use  of 
saws  as  the  severance  mechanism,  the  minimization  of  power 
requirements,  the  design  of  harvesting  equipment  as 
attachments  to  existing  carriers,  and  the  production  of 
piles,  bundles  or  bales.   The  move  has  been  away  from  whole- 
tree  chipping  because  it  requires  extra  handling  and  the  fact 
that  the  green  storage  of  these  chips  may  result  in  a 
significant  loss  of  energy  value  (Meridian  Corporation  1986) . 
The  best  option  presently  available  for  harvesting  short- 
rotation  plantations  is  the  smaller-scale  feller-buncher 
(Meridian  Corporation  1986) . 

The  U.S.  Department  of  Energy  reported  average 
harvesting  costs  of  $24  per  dry  Mg  (Perlack  et  ai.  1986,  and 
Perlack  and  Ranney  1987) .   Transportation  cost  was  based  on  a 
one-way  distance  of  40  km  and  a  haul  rate  of  $0.10  per  tonne- 
km  (Perlack  and  Ranney  1987) .   The  average  transportation 
cost  of  biomass  was  reported  by  Perlack  et  al.  (1986)  to  be 
$4  per  dry  Mg.   A  harvest  cost  of  $24  per  dry  Mg  is  used  in 
the  present  analysis.   Whole-tree  harvesting  is  assumed, 
however,  transportation  costs  to  the  point  of  end-use  are 
excluded. 


Harvest  Value 

Markets  for  SRIC  material  in  the  Great  Lakes  Region  (and 
Central  States)  do  not  currently  exist,  however,  potential 
markets  for  SRIC  material  do  include  biomass  energy 
feedstocks,  reconstituted  end  products  (e.g.,  paper  and 
waferboard) ,  chemicals,  and  animal  feedstocks  (Meridian 
Corporation  1986) .   It  should  be  realized,  however,  the  real 
value  of  SRIC  may  not  be  its  return  on  investment,  but  rather 
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its  ability  to  provide  a  secure  source  of  supply  to  a  mill  or 
plant  that  would  be  very  costly  to  shut  down  (Rose  et  al. 
1981) . 

The  theoretical  heat  yield  of  all  wood  was  reported  by 
Geyer  and  Naughton  (ca.l980)  to  be  8,600  BTUs  per  pound  based 
on  oven-dried,  bark-free,  and  resin-free  wood  fibre.   They 
also  reported  the  theoretical  yield  of  bark  at  approximately 
105  percent  of  the  yield  of  wood,  or  9,000  BTUs  per  pound 
(Geyer  and  Naughton  ca.l980).   Rose  et  al.  (1981)  estimated 
the  gross  heat  content  of  hybrid  poplar  at  16.8  million  BTUs 
per  dry  ton.   In  another  study,  an  energy  content  of  8,500 
BTUs  per  pound  of  woody  biomass  was  assumed  for  SRIC  poplar 
(Vyas  and  Shen  1982b) .   Still  others  assumed  wood  heating 
values  of  7,500  BTUs  per  dry  pound  (Jones  and  Shen  1982)  and 
17  million  BTUs  per  oven-dry  ton  (Henry  and  Salo  ca.l980). 

The  U.S.  Department  of  Energy  estimates  the  average 
heating  value  for  hardwoods  to  be  19.7  GJ  per  dry  Mg  (Geyer 
and  Melichar  1986,  and  Perlack  et  al.  1986) .   The  heating 
value  for  silver  maple  was  calculated  to  be  8,054  BTUs  per 
dry  pound  (for  wood  &  bark)  (Geyer  and  Naughton  ca.l980). 
This  is  the  heating  value  which  was  used  in  this  study  and  is 
equivalent  to  18.73  GJ  per  dry  Mg. 

The  costs  (in  1985  dollars)  of  SRIC  feedstocks  evaluated 
under  state-of-the-art  conditions  indicated  that  delivered 
costs  are  likely  to  range  between  $3.00  and  $4.10  per  GJ 
depending  on  the  region  of  production  (it  was  $4.13  per  GJ 
for  the  Lake  States  and  $3.23  per  GJ  for  the  Great  Plains) 
(Perlack  and  Ranney  1987) .   It  was  felt  delivered  feedstock 
costs  could  be  lowered  to  under  $2.00  per  GJ  by  the  year  2000 
given  current  estimates  of  technological  advances  in 
genetics,  cultural  management,  and  harvesting  systems 
(Perlack  and  Ranney  1987) . 

The  U.S.  Department  of  Energy  projects  that  future 
significant  cost  reductions  in  SRIC  technology  will  come  from 
improvements  in  (1)  increased  productivity,  (2)  decreased 
costs  associated  with  more  efficient  establishment  and 
cultural  practices,  and  (3)  lower  harvesting  costs  (Perlack 
and  Ranney  1987) .   Further,  they  feel  the  greatest  potential 
for  cost  reduction  lies  in  genetics,  which  appears  to  have 
the  promise  to  increase  productivity  by  as  much  as  4  0  percent 
(Perlack  et  al.  1986) . 
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Table  1.   Summary  of  production  and  product  costs  for  short- 
rotation  forestry  management  alternatives^ 


Al  —  Reclaimed  Mined  Land 
Conventional  Tillage 
Fertilization 


Bl  --  Marginal  Farm  Land 

Conventional  Tillage 
Fertilization 


( 


A2  —  Reclaimed  Mined  Land 
No-Till 
Fertilization 


B2  —  Marginal  Farm  Land 
No-Till 
Fertilization 


1  — 

Reclaimed  Mined  Land 

No-Till 

Sludge 

Irrigate  When  Needed 

2  —  Marginal  Farm  Land 
No-Till 
Sludge 
Wastewater  Irrigation 

Biomass  Energy 

Annualized^ 
Cost 

Feedstock 

Annualized 
Cost/GJ 

Production  Costs/Prices^ 

Break-Even  Values 

Alt. 

l^      Product^ 
Price 

Price/GJ^ 

($/ha) 

($/GJ) 

($/Mg) 

($/GJ) 

Al 

444.57 

2.52 

55.82 

2.98 

A2 

439.83 

2.49 

55.22 

2.95 

1 

415.47® 

2.35® 

52.16® 

2.78® 

Bl 

458.79 

2.60 

57.60 

3.08 

B2 

454.05 

2.57 

57.01 

3.04 

2 
2^ 

531.00^ 
429.69 

3.01^ 

2.44 

66.67^ 

53.95 

3.56^ 

2.88 

( 


Yields  are  assumed  to  remain  constant  across  all 
alternatives.   Custom  rate  contract  prices  are  used  for 
field  operations. 

Discount  rate  equals  6  percent,  all  prices  are  kept 
constant  in  real  terms. 

2  Costs  based  on  computed  MAI  for  entire  planning  period. 
Prices  are  based  on  yields  received  at  time  of  harvest. 
Note:   Price/ GJ  is  greater  than  Cost/GJ  because  of 
differences  in  timing  and  the  associated  time  value  of 
money.   DOE  uses  Price/GJ  for  comparison  purposes. 

®  Costs  and  prices  for  Alt.  1  are  6  percent  lower  than  for 
Alt.  A2. 

Costs  and  prices  for  Alt.  2  are  17  percent  higher  than  for 
Alt.  B2 .   This  is  due  to  the  annual  irrigation  charge. 

^   Irrigation  costs  are  set  to  zero.   Assuming  a  product  price 
of  $53.95  per  dry  Mg  for  Alt.  2,  and  annual  irrigation 
maintenance  charges  of  $101.31  per  hectare  per  year,  PNW  is 
reduced  by  $1,688.50  per  hectare  at  a  discount  rate  of  6 
percent.   Based  on  a  product  price  of  $57.01  per  dry  Mg, 
landowner  could  afford  tc  spend  $24.37  per  hectare  per  year 
for  irrigation  before  Alt.  2  is  inferior  to  Alt.  B2  in 
terms  of  total  PNW. 


( 


Table  2.   Affordable  costs  for  periodic  irrigation. 

Alternative  1 

Assumptions: —  Assume  drought  wipes  out  plantation  during  year  2, 

—  Replant  (100%)  at  end  of  year  2  plus  apply  pre- 
emergent  herbicide. 

—  Apply  post-emergent  herbicide  in  year  3 . 

—  Shift  all  other  periodic  costs  and  all  harvest 
revenues  out  2  years  (keep  same  rotation  length 
and  yields) . 

—  Assume  replanting  (because  of  drought)  is 
necessary  only  once  at  start  of  first  seedling 
rotation. 

—  Assume  product  price  is  $52.16  or  $55.22  per  dry 
Mg. 

—  Discount  rate  is  6  percent. 

Results:   Assuming  the  product  price  is  $52.16  per  dry  Mg,  the 
landowner  could  afford  to  spend  up  to  $1,386.73  per 
hectare  (in  year  0)  for  irrigation  before  net  returns 
would  be  worst  than  doing  nothing.   If  the  product 
price  is  $55.22  per  dry  Mg,  the  landowner  could  afford 
to  spend  up  to  $1,431.41  per  hectare  (in  year  0). 

Note:   All  analyses  were  performed  using  an  infinite  time 
horizon. 


Table  3 .   Management  System  Al  —  Short-rotation  forestry 

management  strategy  for  maximizing  annual  woody  biomass 
yield  per  hectare  —  Reclaimed  mined  land,  conventional 
tillage. 


Time  Activity 
Takes  Place 


Description  of 
Management  Activity 


Specific  Management 
Action^ 


Cost 


(Year) 


-1 


EXPENSES 


Start-up  costs° 


Preliminary 
Site  preparation 


Site  &  species 
selection,  layout 
of  management  plan, 
rental  agreements 


Mow  late  summer. 
Apply  contact 

herbicide^^ 

Apply  lime^ 
Moldboard  plow 
in  fall 


($  ha"^) 


76.73 


12.36 


95.47 


14.83 


32.74 


5, 
15, 


10 
20 


Site  preparation* 


Disc  in  spring 

Apply  pre-emergent 

herbicide 

Fertilize^ 


14.83 


29.39 


55.60 


Establish  plantation"  Purchase  seedlings  0.17  tree— 

Plant  seedlings 0.02  tree— 


Weed  control^ 


V 

Seedling  harvest 


Site  maintenace 


m 


(1.2  X  1.2  meter  spacing, 
6,734  trees  hectare"  ) 


Apply  contact 

herbicide^ 

Fertilize^ 


59.46 


55.60 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


24  Mq 


-1 


Apply  contact 

herbicide 

Fertilize 

Lime 


59.46 


98.84 


14.83 


10,  15, 
20,  25 


Coppice  harvest 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


2  4  Mq 


-1 


Annual 


Administration  and 
general  operational 
costs  including  site 
rent  and  taxes 


Admin.  &  operation. 

Net  land  rent 

Property  taxes 


25 


54.49 


11.85 


Time  Activity    Description  of      Specific  Management 
Takes  Place   Management  Activity         Action  Yield" 


REVENUES 


5        Seedling  harvest®     Value  established  at 

road-side 6.7  Mq  ha— 

10,  15,     Coppice  harvest^      Value  established  at 

20,  25  road-side 10. 1  Mg  ha— 

**  The  general  management  plan  is  based  on  Hansen,  Netzer,  and 

Rietveld  (1984) ,  Meridian  Corporation  (1986) ,  and  Perlack,  et  al. 

(1986). 

Start-up  costs  are  estimated  at  5  percent  of  site  preparation  and 

SRIC  plantation  establishment  costs  (Argonne  National  Laboratory 

1985) . 

^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 
a  rate  of  1.7  kg  active  ingredient  (a.i.)  per  hectare. 

^  Lime  is  added,  if  needed,  to  raise  soil  pH  above  5.5,  the  optimum 
pH  ranges  from  5.5  to  6.5  (Meridian  Corporation  1986). 

®  Site  preparation  costs  may  be  greater  at  start  of  2nd  planning 
period  (i.e.,  at  the  time  of  stand  re-establishment). 
The  pre-emergent  herbicide,  linuron,  is  broadcast  sprayed  at  a 
rate  of  1.5  kg  a.i.  per  hectare  just  prior  to  planting. 

^  Fertilization  at  1/2  application  of  full  rotation. 

Machine  plant  using  common  continuous-furrow  planting  machine. 
Based  on  Meridian  Corporation  (1986) ,  plant  bare-root  seedlings, 
9.5  to  12.7  millimeter  in  caliper  at  the  stem  base,  in  blocks  of 
<  16.2  hectares.   Access  lanes  are  established  between  blocks. 
Recommended  spacing  is  from  .9  x  .9  meters  to  1.8  x  2.4  meters, 

.  the  trend  is  toward  wider  spacings  and  slightly  longer  rotations. 

"^  Weed  control  in  spring  for  second  growing  season,  in  general, 

.  costs  increase  as  spacing  increases. 

^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 
a  rate  of  1  kg  a.i.  per  hectare  during  dormant  season. 
Harvesting  takes  place  during  the  dormant  season.   Harvest  costs 
have  averaged  between  1/3  to  1/2  of  the  delivered  cost  of  SRIC 
energy  feedstocks. 

Whole  trees  are  harvested  and  placed  on  long-bed  truck  trailers 
for  transport  to  end  user. 

Pest  management  is  accomplished  through  planting  resistant 
genotypes  and  sound  silvicultural  management. 
Heating  value  per  dry  pound  (for  silver  maple)  is  8,054  BTU 
(Geyer  and  Naughton  ca.l980).   This  is  equivalent  to  18.73  GJ/Mg. 

°  The  annual  "working  maximum"  leafless,  oven-dry  biomass  yield  of 
small  research  SRIC  plantations  grown  for  rotations  of  4  to  5 
years  generally  has  not  exceeded  10  to  12  Mg  per  ha  for  the  first 
seedling  harvest  (Cannell  and  Smith  1980) .   These  yields  are  for 
poplars,  and  were  obtained  on  fertile  sites  without  irrigation. 
Yields  for  silver  maple  have  been  lower. 

P  For  rotations  <  5  years,  coppice  yields  have  been  found  to  be  2  0% 
to  100%  greater  than  for  the  first  seedling  harvest  (Meridian 
Corporation  1986) .   This  was  without  fertilization  and/or 
irrigation. 


Table  4 .   Management  System  A2  —  Short-rotation  forestry 

management  strategy  for  maximizing  annual  woody  biomass 
yield  per  hectare  —  Reclaimed  mined  land,  no-till. 


Time  Activity 
Takes  Place 


Description  of 
Management  Activity 


Specific  Management 
Action^ 


Cost 
($  ha"^) 


(Year) 


EXPENSES 


-1 


5,  10 
15,  20 


Start-up  costs 


Site  &  species 
selection,  layout 
of  management  plan, 
rental  agreements 


74.36 


Preliminary 
Site  preparation 


Site  preparation^ 


Mow  late  summer. 
Apply  contact 

herbicide^^ 

Apply  lime^^ 


12.36 


95.47 


14.83 


Apply  pre-emergent 

herbicide 

Fertilize*^ 


29.39 


55.60 


Establish  plantation"  Purchase  seedlings  0.17  tree— 

Plant  seedlings 0.02  tree— 

(1.2  X  1.2  meter 
6,734  trees 


spacing, 
hectare"  ) 


Weed  control"^ 


Seedling  harvest 


Site  maintenace 


m 


Apply  contact 

herbicide^ 

Fertilize*^ 


59.46 


55.60 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


2  4  Ma 


-1 


Apply  contact 

herbicide 

Fertilize 

Lime  


59.46 


98.84 


14.83 


10,  15, 
20,  25 


Coppice  harvest 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


2  4  Mq 


-1 


Annual 


Administration  and 
general  operational 
costs  including  site 
rent  and  taxes 


Admin.  &  operation. 

Net  land  rent 

Property  taxes 


25 


54.49 


11.85 


Time  Activity    Description  of      Specific  Management 
Takes  Place   Management  Activity         Action  Yield"^ 

REVENUES 

5        Seedling  harvest®     Value  established  at 

road-side 6»7  Mq  ha— 

10,  15,      Coppice  harvestP      Value  established  at 

20,  25  road-side 10. 1  Mq  ha— 

**  The  general  management  plan  is  based  on  Hansen,  Netzer,  and 

Rietveld  (1984) ,  Meridian  Corporation  (1986) ,  and  Perlack,  et  al. 

(1986). 

Start-up  costs  are  estimated  at  5  percent  of  site  preparation  and 

SRIC  plantation  establishment  costs  (Argonne  National  Laboratory 

1985) . 

^   The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 
a  rate  of  1.7  kg  active  ingredient  (a.i.)  per  hectare. 
Lime  is  added,  if  needed,  to  raise  soil  pH  above  5.5,  the  optimum 
pH  ranges  from  5.5  to  6.5  (Meridian  Corporation  1986). 

®  Site  preparation  costs  may  be  greater  at  start  of  2nd  planning 
period  (i.e.,  at  the  time  of  stand  re-establishment). 
The  pre-emergent  herbicide,  linuron,  is  broadcast  sprayed  at  a 
rate  of  1.5  kg  a.i.  per  hectare  just  prior  to  planting. 

^  Fertilization  at  1/2  application  of  full  rotation. 

Machine  plant  using  common  continuous-furrow  planting  machine. 
Based  on  Meridian  Corporation  (1986) ,  plant  bare-root  seedlings, 
9.5  to  12.7  millimeter  in  caliper  at  the  stem  base,  in  blocks  of 
<  16.2  hectares.   Access  lanes  are  established  between  blocks. 
Recommended  spacing  is  from  .9  x  .9  meters  to  1.8  x  2.4  meters, 

.  the  trend  is  toward  wider  spacings  and  slightly  longer  rotations. 

■^  Weed  control  in  spring  for  second  growing  season,  in  general, 

.  costs  increase  as  spacing  increases. 

^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 
a  rate  of  1  kg  a.i.  per  hectare  during  dormant  season. 
Harvesting  takes  place  during  the  dormant  season.   Harvest  costs 
have  averaged  between  1/3  to  1/2  of  the  delivered  cost  of  SRIC 
energy  feedstocks. 

Whole  trees  are  harvested  and  placed  on  long-bed  truck  trailers 
for  transport  to  end  user. 

Pest  management  is  accomplished  through  planting  resistant 
genotypes  and  sound  silvicultural  management. 
Heating  value  per  dry  pound  (for  silver  maple)  is  8,054  BTU 
(Geyer  and  Naughton  ca.l980).   This  is  equivalent  to  18.73  GJ/Mg. 
The  annual  "working  maximum"  leafless,  oven-dry  biomass  yield  of 
small  research  SRIC  plantations  grown  for  rotations  of  4  to  5 
years  generally  has  not  exceeded  10  to  12  Mg  per  ha  for  the  first 
seedling  harvest  (Cannell  and  Smith  1980) .   These  yields  are  for 
poplars,  and  were  obtained  on  fertile  sites  without  irrigation. 
Yields  for  silver  maple  have  been  lower. 

For  rotations  <  5  years,  coppice  yields  have  been  found  to  be  2  0% 
to  100%  greater  than  for  the  first  seedling  harvest  (Meridian 
Corporation  1986) .   This  was  without  fertilization  and/or 
irrigation. 


m 
n 


Table  5.   Management  System  1  —  Short-rotation  forestry  management 
strategy  for  maximizing  annual  woody  biomass  yield  per 
hectare  —  Reclaimed  mined  land,  no-till,  sludge 
application,  irrigate  when  needed  during  plantation 
establ ishment . 


Time  Activity 
Takes  Place 


Description  of 
Management  Activity 


Specific  Management 
Action^ 


Cost 


(Year) 


EXPENSES 


($  ha-1) 


-1 


Start-up  costs 


Site  &  species 
selection,  layout 
of  management  plan, 
rental  agreements 


71.58 


Preliminary 
Site  preparation 


Mow  late  summer. 
Apply  contact 

herbicide*^^ 

App 1 y  1 ime^ 


12.36 


95.47 


14.83 


Site  preparation* 


Apply  pre-emergent 
herbicide^ 


Apply  sludge^ 


29.39 


0.00 


Establish  plantation   Purchase  seedlings  0.17  tree^ 

Plant  seedlings 0.02  tree— 


Weed  control^ 


Seedling  harvest 


(1.2  X  1.2  meter  spacing, 
6,734  trees  hectare"  ) 


Apply  contact 

herbicide^ 

Irrigation 


59.46 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


2  4  Mq 


-1 


5,  10 
15,  20 


Site  maintenace 


m 


Apply  contact 
herbicide 


Apply  sludge. 
Lime 


59.46 


0.00 


14.83 


10,  15, 
20,  25 


Coppice  harvest 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


2  4  Mq 


-1 


Annual 


Administration  and 
general  operational 
costs  including  site 
rent  and  taxes 


Admin.  &  operation. 

Net  land  rent 

Property  taxes 


25 


54.49 


11.85 


Time  Activity    Description  of      Specific  Management 
Takes  Place   Management  Activity         Action  Yield" 

REVENUES 

5        Seedling  harvest^     Value  established  at 

road-side 6.7  Mg  ha— 

10,  15,      Coppice  harvest^      Value  established  at 

20,  25  road-side 10.1  Mg  ha— 

**  The  general  management  plan  is  based  on  Hansen,  Netzer,  and 

Rietveld  (1984) ,  Meridian  Corporation  (1986) ,  and  Perlack,  et  al. 

(1986). 
"   Start-up  costs  are  estimated  at  5  percent  of  site  preparation  and 

SRIC  plantation  establishment  costs  (Argonne  National  Laboratory 

1985) . 
^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 

a  rate  of  1.7  kg  active  ingredient  (a.i.)  per  hectare. 

Lime  is  added,  if  needed,  to  raise  soil  pH  above  5.5,  the  optimum 

pH  ranges  from  5.5  to  6.5  (Meridian  Corporation  1986). 
®  Site  preparation  costs  may  be  greater  at  start  of  2nd  planning 

period  (i.e.,  at  the  time  of  stand  re-establishment). 

The  pre-emergent  herbicide,  linuron,  is  broadcast  sprayed  at  a 

rate  of  1.5  kg  a.i.  per  hectare  just  prior  to  planting. 
^  The  sludge  application  replaces  the  need  for  fertilization. 

Machine  plant  using  common  continuous-furrow  planting  machine. 

Based  on  Meridian  Corporation  (1986) ,  plant  bare-root  seedlings, 

9.5  to  12.7  millimeter  in  caliper  at  the  stem  base,  in  blocks  of 

<  16.2  hectares.   Access  lanes  are  established  between  blocks. 

Recommended  spacing  is  from  .9  x  .9  meters  to  1.8  x  2.4  meters, 
.  the  trend  is  toward  wider  spacings  and  slightly  longer  rotations. 
■*•  Weed  control  in  spring  for  second  growing  season,  in  general, 
.  costs  increase  as  spacing  increases. 
^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 

a  rate  of  1  kg  a.i.  per  hectare  during  dormant  season. 

Harvesting  takes  place  during  the  dormant  season.   Harvest  costs 

have  averaged  between  1/3  to  1/2  of  the  delivered  cost  of  SRIC 

energy  feedstocks. 

Whole  trees  are  harvested  and  placed  on  long-bed  truck  trailers 

for  transport  to  end  user. 
^   Pest  management  is  accomplished  through  planting  resistant 

genotypes  and  sound  silvicultural  management. 
"  Heating  value  per  dry  pound  (for  silver  maple)  is  8,054  BTU 

(Geyer  and  Naughton  ca.l980).   This  is  equivalent  to  18.73  GJ/Mg. 
°  The  annual  "working  maximum"  leafless,  oven-dry  biomass  yield  of 

small  research  SRIC  plantations  grown  for  rotations  of  4  to  5 

years  generally  has  not  exceeded  10  to  12  Mg  per  ha  for  the  first 

seedling  harvest  (Cannell  and  Smith  1980) .   These  yields  are  for 

poplars,  and  were  obtained  on  fertile  sites  without  irrigation. 

Yields  for  silver  maple  have  been  lower. 
P  For  rotations  <  5  years,  coppice  yields  have  been  found  to  be  20% 

to  100%  greater  than  for  the  first  seedling  harvest  (Meridian 

Corporation  1986) .   This  was  without  fertilization  and/or 

irrigation. 


Table  6.   Management  System  Bl  —  Short-rotation  forestry 

management  strategy  for  maximizing  annual  woody  biomass 
yield  per  hectare  —  Marginal  farm  land,  conventional 
tillage. 


Time  Activity 
Takes  Place 


Description  of 
Management  Activity 


Specific  Management 
Action^ 


Cost 
($  ha"^) 


(Year) 


-1 


Start-up  costs 


EXPENSES 
b 


Site  &  species 
selection,  layout 
of  management  plan, 
rental  agreements 


76.73 


Preliminary 
Site  preparation 


Mow  late  summer. 
Apply  contact 

herbicide^^ 

Apply  lime 
Moldboard  plow 
in  fall  


12.36 


95.47 


14.83 


32.74 


Site  preparation* 


Disc  in  spring 

Apply  pre-emergent 

herbicide 

Fertilize^ 


14.83 


29.39 


55.60 


Establish  plantation   Purchase  seedlings  0.17  tree— 


Weed  control  ■*■ 


Seedling  harvest 


Plant  seedlings 0.02  tree 

(1.2  X  1.2  meter  spacing, 
6,734  trees  hectare"  ) 


-1 


Apply  contact 

herbicide^ 

Fertilize^ 


59.46 


55.60 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


r 


2  4  Mq^ 


5, 
15, 


10 
20 


Site  maintenace 


m 


Apply  contact 

herbicide 

Fertilize 

Lime 


59.46 


98.84 


14.83 


10,  15, 
20,  25 


Coppice  harvest 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


24  Mq 


-1 


Annual 


Administration  and 
general  operational 
costs  including  site 
rent  and  taxes 


Admin.  &  operation. 

Net  land  rent 

Property  taxes 


25 


66.17 


14.39 


Time  Activity    Description  of      Specific  Management 
Takes  Place   Management  Activity         Action  Yield^ 


REVENUES 

5        Seedling  harvest*^     Value  established  at 

road-side 6.7  Mg  ha— 

10,  15,      Coppice  harvestP      Value  established  at 

20,  25  road-side 10.1  Mq  ha— 

**  The  general  management  plan  is  based  on  Hansen,  Netzer,  and 

Rietveld  (1984) ,  Meridian  Corporation  (1986) ,  and  Perlack,  et  al. 

(1986). 

Start-up  costs  are  estimated  at  5  percent  of  site  preparation  and 

SRIC  plantation  establishment  costs  (Argonne  National  Laboratory 

1985) . 

^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 
a  rate  of  1.7  kg  active  ingredient  (a.i.)  per  hectare. 

^  Lime  is  added,  if  needed,  to  raise  soil  pH  above  5.5,  the  optimum 
pH  ranges  from  5.5  to  6.5  (Meridian  Corporation  1986). 

®  Site  preparation  costs  may  be  greater  at  start  of  2nd  planning 
period  (i.e.,  at  the  time  of  stand  re-establishment). 
The  pre-emergent  herbicide,  linuron,  is  broadcast  sprayed  at  a 
rate  of  1.5  kg  a.i.  per  hectare  just  prior  to  planting. 

^  Fertilization  at  1/2  application  of  full  rotation. 

Machine  plant  using  common  continuous-furrow  planting  machine. 
Based  on  Meridian  Corporation  (1986) ,  plant  bare-root  seedlings, 
9.5  to  12.7  millimeter  in  caliper  at  the  stem  base,  in  blocks  of 
<  16.2  hectares.   Access  lanes  are  established  between  blocks. 
Recommended  spacing  is  from  .9  x  .9  meters  to  1.8  x  2.4  meters, 

.  the  trend  is  toward  wider  spacings  and  slightly  longer  rotations. 

^  Weed  control  in  spring  for  second  growing  season,  in  general, 

.  costs  increase  as  spacing  increases. 

^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 
a  rate  of  1  kg  a.i.  per  hectare  during  dormant  season. 
Harvesting  takes  place  during  the  dormant  season.   Harvest  costs 
have  averaged  between  1/3  to  1/2  of  the  delivered  cost  of  SRIC 
energy  feedstocks. 

Whole  trees  are  harvested  and  placed  on  long-bed  truck  trailers 
for  transport  to  end  user. 

Pest  management  is  accomplished  through  planting  resistant 
genotypes  and  sound  silvicultural  management. 
Heating  value  per  dry  pound  (for  silver  maple)  is  8,054  BTU 
(Geyer  and  Naughton  ca.l980).   This  is  equivalent  to  18.73  GJ/Mg. 
The  annual  "working  maximum"  leafless,  oven-dry  biomass  yield  of 
small  research  SRIC  plantations  grown  for  rotations  of  4  to  5 
years  generally  has  not  exceeded  10  to  12  Mg  per  ha  for  the  first 
seedling  harvest  (Cannell  and  Smith  1980) .   These  yields  are  for 
poplars,  and  were  obtained  on  fertile  sites  without  irrigation. 
Yields  for  silver  maple  have  been  lower. 

For  rotations  <  5  years,  coppice  yields  have  been  found  to  be  20 
to  100%  greater  than  for  the  first  seedling  harvest  (Meridian 
Corporation  1986) .   This  was  without  fertilization  and/or 
irrigation. 


Q. 


Table  7.   Management  System  B2  —  Short-rotation  forestry 

management  strategy  for  maximizing  annual  woody  biomass 
yield  per  hectare  —  Marginal  farm  land,  no-till. 


Time  Activity     Description  of 
Takes  Place   Management  Activity 


Specific  Management 
Action^ 


Cost 
($  ha"^) 


(Year) 


-1 


5,  10 
15,  20 


Start-up  costs 


EXPENSES 
b 


Site  &  species 
selection,  layout 
of  management  plan, 
rental  agreements 


74.36 


Preliminary 
Site  preparation 


Site  preparation* 


Mow  late  summer. 
Apply  contact 

herbicide^^ 

Apply  lime 


12.36 


95.47 


14.83 


Apply  pre-emergent 

herbicide 

Fertilize^ 


29.39 


55.60 


Establish  plantation   Purchase  seedlincfs  0.17  tree— 

Plant  seedlings 0.02  tree— 


Weed  control^ 


If 
Seedling  harvest 


Site  maintenace 


m 


(1.2  X  1.2  meter  spacing, 
6,734  trees  hectare"  ) 


Apply  contact 

herbicide^ 

Fertilize'^ 


59.46 


55.60 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


V 


24  Mq^ 


Apply  contact 

herbicide 

Fertilize 

Lime 


59.46 


98.84 


14.83 


10,  15, 
20,  25 


Coppice  harvest 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 


24  Mcf 


-1 


Annual 


Administration  and 
general  operational 
costs  including  site 
rent  and  taxes 


Admin.  &  operation. 

Net  land  rent 

Property  taxes 


25 


66.17 


14.39 


Time  Activity    Description  of      Specific  Management 
Takes  Place   Management  Activity         Action  Yield^ 

REVENUES 

5        Seedling  harvest®     Value  established  at 

road-side 6 .  7  Ma  ha— 

10,  15,      Coppice  harvest^      Value  established  at 

20,  25  road-side 10.1  Mg  ha— 

**  The  general  management  plan  is  based  on  Hansen,  Netzer,  and 

Rietveld  (1984),  Meridian  Corporation  (1986),  and  Perlack,  et  al. 

(1986). 
°   Start-up  costs  are  estimated  at  5  percent  of  site  preparation  and 

SRIC  plantation  establishment  costs  (Argonne  National  Laboratory 

1985) . 
^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 

a  rate  of  1.7  kg  active  ingredient  (a.i.)  per  hectare. 
^  Lime  is  added,  if  needed,  to  raise  soil  pH  above  5.5,  the  optimum 

pH  ranges  from  5.5  to  6.5  (Meridian  Corporation  1986). 
®  Site  preparation  costs  may  be  greater  at  start  of  2nd  planning 

period  (i.e.,  at  the  time  of  stand  re-establishment). 
^  The  pre-emergent  herbicide,  linuron,  is  broadcast  sprayed  at  a 

rate  of  1.5  kg  a.i.  per  hectare  just  prior  to  planting. 
^  Fertilization  at  1/2  application  of  full  rotation. 

Machine  plant  using  common  continuous-furrow  planting  machine. 

Based  on  Meridian  Corporation  (1986) ,  plant  bare-root  seedlings, 

9.5  to  12.7  millimeter  in  caliper  at  the  stem  base,  in  blocks  of 

<  16.2  hectares.   Access  lanes  are  established  between  blocks. 

Recommended  spacing  is  from  .9  x  .9  meters  to  1.8  x  2.4  meters, 
.  the  trend  is  toward  wider  spacings  and  slightly  longer  rotations. 
^  Weed  control  in  spring  for  second  growing  season,  in  general, 
.  costs  increase  as  spacing  increases. 
^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 

a  rate  of  1  kg  a.i.  per  hectare  during  dormant  season. 

Harvesting  takes  place  during  the  dormant  season.   Harvest  costs 

have  averaged  between  1/3  to  1/2  of  the  delivered  cost  of  SRIC 

energy  feedstocks. 

Whole  trees  are  harvested  and  placed  on  long-bed  truck  trailers 

for  transport  to  end  user. 
^  Pest  management  is  accomplished  through  planting  resistant 

genotypes  and  sound  silvicultural  management. 
^   Heating  value  per  dry  pound  (for  silver  maple)  is  8,054  BTU 

(Geyer  and  Naughton  ca.l980).   This  is  equivalent  to  18.73  GJ/Mg. 
°  The  annual  "working  maximum"  leafless,  oven-dry  biomass  yield  of 

small  research  SRIC  plantations  grown  for  rotations  of  4  to  5 

years  generally  has  not  exceeded  10  to  12  Mg  per  ha  for  the  first 

seedling  harvest  (Cannell  and  Smith  1980) .   These  yields  are  for 

poplars,  and  were  obtained  on  fertile  sites  without  irrigation. 

Yields  for  silver  maple  have  been  lower. 
P  For  rotations  <  5  years,  coppice  yields  have  been  found  to  be  20% 

to  100%  greater  than  for  the  first  seedling  harvest  (Meridian 

Corporation  1986) .   This  was  without  fertilization  and/or 

irrigation. 


Table  8.   Management  System  2  --  Short-rotation  forestry  management 
strategy  for  maximizing  annual  woody  biomass  yield  per 
hectare  —  Marginal  farm  land,  no-till,  sludge 
application,  wastewater  irrigation. 


Time  Activity 
Takes  Place 


Description  of 
Management  Activity 


Specific  Management 
Action^ 


Cost 


(Year) 


-1 


5, 

15, 


10 
20 


Start-up  costs 


EXPENSES 
b 


($  ha"^) 


Site  &  species 
selection,  layout 
of  management  plan, 
rental  agreements 


71.58 


Preliminary 
Site  preparation 


Mow  late  summer. 
Apply  contact 

herbicide^^ 

Apply  lime*^ 


12.36 


95.47 


14.83 


Irrigation  sys. 


0.00 


Site  preparation* 


Apply  pre-emergent 
herbicide 


Apply  sludge*^. 


29.39 


0.00 


Establish  plantation"  Purchase  seedlings  0.17  tree— 

Plant  seedlings 0.02  tree— 

(1.2  X  1.2  meter  spacing. 


Weed  control^ 


Seedling  harvest^ 


Site  maintenace 


m 


6,734  trees  hectare   ) 

Apply  contact 
herbicide^ 


59.46 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side  24_ 


Mg 


-1 


Apply  contact 
herbicide  


59.46 


Apply  sludge. 
Lime 


0.00 


14.83 


10, 
20, 


15, 
25 


Coppice  harvest 


Harvest  with  small- 
scale  feller-buncher 
during  dormant  season, 
collect  cut  trees  and 
place  at  road-side 24 


Mg^ 


Annual 


Administration  and 
general  operational 
costs  including  site 
rent  and  taxes 


Admin.  &  operation. 

Net  land  rent 

Property  taxes 

Irrigation 


25 


66.  17 


14.39 


101.31 


Time  Activity    Description  of      Specific  Management 
Takes  Place   Management  Activity         Action  Yield" 

REVENUES 

5        Seedling  harvest®     Value  established  at 

road-side 6.7  Mcr  ha— 

10,  15,      Coppice  harvest^      Value  established  at 

20,  25  road-side 10. 1  Mq  ha— 

*^  The  general  management  plan  is  based  on  Hansen,  Netzer,  and 

Rietveld  (1984),  Meridian  Corporation  (1986),  and  Perlack,  et  al. 

(1986). 

Start-up  costs  are  estimated  at  5  percent  of  site  preparation  and 

SRIC  plantation  establishment  costs  (Argonne  National  Laboratory 

1985)  . 
^   The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 

a  rate  of  1.7  kg  active  ingredient  (a.i.)  per  hectare. 

Lime  is  added,  if  needed,  to  raise  soil  pH  above  5.5,  the  optimum 

pH  ranges  from  5.5  to  6.5  (Meridian  Corporation  1986). 
®  Site  preparation  costs  may  be  greater  at  start  of  2nd  planning 

period  (i.e.,  at  the  time  of  stand  re-establishment). 
^  The  pre-emergent  herbicide,  linuron,  is  broadcast  sprayed  at  a 

rate  of  1.5  kg  a.i.  per  hectare  just  prior  to  planting. 
^  The  sludge  application  replaces  the  need  for  fertilization. 

Machine  plant  using  common  continuous-furrow  planting  machine. 

Based  on  Meridian  Corporation  (1986) ,  plant  bare-root  seedlings, 

9.5  to  12.7  millimeter  in  caliper  at  the  stem  base,  in  blocks  of 

<  16.2  hectares.   Access  lanes  are  established  between  blocks. 

Recommended  spacing  is  from  .9  x  .9  meters  to  1.8  x  2.4  meters, 
.  the  trend  is  toward  wider  spacings  and  slightly  longer  rotations. 
■^  Weed  control  in  spring  for  second  growing  season,  in  general, 
.  costs  increase  as  spacing  increases. 
^  The  post-emergent  herbicide,  glyphosate,  is  broadcast  sprayed  at 

a  rate  of  1  kg  a.i.  per  hectare  during  dormant  season. 

Harvesting  takes  place  during  the  dormant  season.   Harvest  costs 

have  averaged  between  1/3  to  1/2  of  the  delivered  cost  of  SRIC 

energy  feedstocks. 

Whole  trees  are  harvested  and  placed  on  long-bed  truck  trailers 

for  transport  to  end  user. 
™  Pest  management  is  accomplished  through  planting  resistant 

genotypes  and  sound  silvicultural  management. 
"  Heating  value  per  dry  pound  (for  silver  maple)  is  8,054  BTU 

(Geyer  and  Naughton  ca.l980).   This  is  equivalent  to  18.73  GJ/Mg. 
°  The  annual  "working  maximum"  leafless,  oven-dry  biomass  yield  of 

small  research  SRIC  plantations  grown  for  rotations  of  4  to  5 

years  generally  has  not  exceeded  10  to  12  Mg  per  ha  for  the  first 

seedling  harvest  (Cannell  and  Smith  1980) .   These  yields  are  for 

poplars,  and  were  obtained  on  fertile  sites  without  irrigation. 

Yields  for  silver  maple  have  been  lower. 
P  For  rotations  <  5  years,  coppice  yields  have  been  found  to  be  2  0% 

to  100%  greater  than  for  the  first  seedling  harvest  (Meridian 

Corporation  1986) .   This  was  without  fertilization  and/or 

irrigation. 
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Introduction 

The  production  of  biomass,  i.e.,  organic  materials  grown 
or  collected  for  use  as  energy  feedstocks,  continues  as  a 
subject  of  considerable  interest  for  the  U.S.  Department  of 
Energy.   Justification  for  this  interest  includes  development 
of  a  renewable,  alternative  energy  source  to  provide 
insurance  against  interruption  of  U.S.  energy  supplies;  to 
diversify  U.S.  energy  resources  in  meeting  total  energy 
demands;  and  to  offer  alternatives  to  fuels  which  are 
regionally  limited  by  cost  or  inadequate  supply  or  that  have 
environmentally  undesirable  by-products  (Perlack  and  Ranney 
1987) .   For  example,  woody  biomass  is  sometimes  used  in 
combination  with  coal  to  decrease  sulphur  emissions.   Biomass 
energy  production  also  offers  an  opportunity  to  improve  soil 
conservation  on  marginal  agricultural  lands  while 
simultaneously  reducing  crop  surpluses  (Campbell  and  Majerus 
1986) . 

Sites  for  commercial  biomass  energy  production  will  most 
likely  be  on  lands  marginal  for  agriculture  or  other  higher- 
valued  uses.   The  majority  of  this  marginal  land  is  privately 
owned  and  is  rarely  used  for  energy  production.   Poor  biomass 
markets  and  lower  cost  conventional  fuels  have  discouraged 
landowners  from  initiating  any  form  of  biomass  energy 
production  on  land  which  they  own  or  rent.   However,  the 
practice  of  using  plant  materials  for  energy  may  become  more 
attractive  as  continuing  research  lowers  per  unit  production 
costs  (Perlack,  et  al.  1986)  and  if  conventional  fuels  become 
relatively  more  expensive.   The  purpose  of  this  paper  is  to 
assess  landowner  characteristics,  attitudes,  and  perceived 
barriers  toward  producing  biomass  for  energy  feedstocks  on 
lands  marginal  for  traditional  agriculture  within  the  seven- 
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state  Great  Lakes  region.   Land  characteristics  and  current 
biomass  energy  production  practices,  also  are  discussed. 


Procedure 

Owners  of  rural  land  in  the  Great  Lakes  region 
(Illinois,  Indiana,  Iowa,  Michigan,  Minnesota,  Ohio,  and 
Wisconsin)  were  interviewed  by  telephone  during  the  summer  of 
1985  to  assess  the  region's  land  ownership  pattern,  current 
energy  production  practices,  landowner  attitudes  toward 
biomass  energy  production  on  marginal  agricultural  land,  and 
real  or  perceived  production  barriers.   Attitude  was  measured 
as  a  person's  disposition  (favorable  or  unfavorable)  toward 
the  behavior  in  question  (Ajzen  and  Fishbein  1980).   Marginal 
land  for  the  landowner  survey  was  defined  as  total  non-prime, 
non-federal,  rural  land  in  USDA  Soil  Conservation  Service 
(SCS)  Land  Capability  Classes  IV  -  VII.   Marginal  land  acres 
were  aggregated  by  state  and  major  land  resource  area  (MLRA) 
and  were  based  on  data  from  the  SCS's  1982  National  Resource 
Inventory  (NRI)  (Fig.  1) . 

Three  biomass  production  systems  were  considered:   (1) 
the  collection  of  agricultural  crop  residues,  (2)  herbaceous 
crops  grown  exclusively  for  energy,  and  (3)  short-rotation 
intensive  culture  (SRIC) .   In  addition,  the  study  focused  on 
marginal  lands  that  do  not  have  significant  quantities  of 
existing  woody  biomass  (i.e.,  defined  here  as  areas 
possessing  less  than  20  percent  forest  land) .   Only 
individuals,  families,  partnerships,  corporations,  or  trusts 
that  own  rural  land  were  surveyed.   Tenants  were  not 
included.   These  landowners  could  be  full  or  partial, 
absentee  or  in-residence.   Landowner  addresses  were  supplied 
by  the  Agricultural  Stabilization  and  Conservation  Service 
(ASCS) .   Telephone  numbers  of  landowners  interviewed  were 
obtained  from  local  telephone  directories. 

The  survey  was  stratified  by  percentage  of  marginal 
land;  ranging  from  0-5  percent  in  Stratum  1,  to  41  percent  in 
Stratum  8 .   An  approximately  equal  number  of  landowners  were 
randomly  sampled  from  each  of  these  eight  strata.   Three 
screening  criteria  were  used:   (1)  the  respondent  must  own 
rural  land  within  the  seven-state  Great  Lakes  region,  (2)  he 
or  she  must  own  at  least  ten  acres,  and  (3)  he  or  she  must  be 
the  person  who  makes  the  long  term  decisions  (5-10  years) 
about  the  use  of  the  land.   The  University  of  Illinois  Survey 
Research  Laboratory  pretested  the  questionnaire  and  conducted 
the  on-the-phone  interviews.   The  response  rate  was  70 
percent,  resulting  in  1,025  completed  telephone 
questionnaires . 


Results 

Landowner  characteristics.   Of  the  1,025  landowners 
interviewed,  93  percent  owned  farms,  60  percent  operated 
their  own  farm,  and  50  percent  considered  themselves  full- 
time  farmers  (i.e.,  spending  at  least  50  percent  of  their 
work  time  farming)  (Fig.  2) .   Thirty-four  percent  spent  less 
than  50  percent  of  their  time  farming  while  16  percent  were 
retired.   Forty-seven  percent  of  all  landowners  interviewed 
indicated  that  they  had  heard  of  biomass  energy  production, 
however,  only  eight  percent  had  ever  thought  seriously  about 
growing  or  harvesting  plant  materials  for  energy  on  land 
which  they  own  or  rent.   Less  than  two  percent  of  the 
landowners  had  ever  produced,  used,  or  sold  biomass  as  an 
energy  feedstock.   The  collection  of  crop  residues  was  the 
most  common  practice.   Excluding  those  landowners  who  have 
practiced  biomass  energy  production,  47  percent  indicated 
that  they  would  consider  collecting  crop  residues  or  growing 
plant  materials  on  their  less  productive  land  for  energy. 

The  average  age  of  all  landowners  surveyed  was  54  years. 
Fifty  percent  of  these  landowners  were  55  years  old  or  older, 
with  only  about  10  percent  under  the  age  of  35.   Average  ages 
were  higher  for  landowner-landlords  (63  years) ,  retired 
landowners  (72  years) ,  and  landowners  who  were  female  (64 
years) .   The  average  age  for  landowner-operators  was  50 
years.   Greater  than  82  percent  of  all  landowners  have  at 
least  a  high  school  diploma  with  about  17  percent  being 
college  graduates.   The  majority  of  landholdings,  82  percent, 
were  individual  or  family  held;  about  9  percent  were  held  as 
partnerships  and  6  percent  were  incorporated.   Approximately 
88  percent  of  all  landowners  interviewed  were  male. 

Land  characteristics.   The  size  of  the  average  rural 
landholding  in  the  Great  Lakes  region  (survey  area)  was  290 
acres  (Table  1) .   About  eight  percent  of  this  area  possesses 
slopes  exceeding  10  percent;  76  percent  have  slopes  of  five 
percent  or  less.   The  "average"  landowner  owned  232  acres  of 
cropland.   Approximately  half  of  all  ownerships  surveyed  had 
some  woodlands  and  pasture,  with  respective  averages  of  3  4 
and  55  acres. 

All  landowners  were  asked  whether  their  farm  or 
landholding  possessed  any  marginal  land.   The  definition  of 
marginal  land  was  left  to  them  unless  they  specifically  asked 
us  to  define  it.   In  that  case,  marginal  was  defined  in 
reference  to  traditional  agriculture.   Sixty-nine  percent 
indicated  that  they  had  some  marginal  land  with  an  average  of 
38  acres. 

Landowner  knowledge  and  use  of  biomass.   Forty-seven 
percent  of  all  landowners  interviewed  indicated  that  they  had 
heard  of  biomass  energy  production,  however,  only  eight 


percent  had  ever  thought  seriously  about  growing  or 
harvesting  plant  materials  for  energy  on  land  which  they  own 
or  rent.   Less  than  two  percent  of  the  landowners  had  ever 
produced,  used,  or  sold  biomass  as  an  energy  feedstock. 
Excluding  those  landowners  who  have  practiced  biomass  energy 
production,  47  percent  indicated  that  they  would  consider 
collecting  crop  residues  or  growing  plant  materials  on  their 
less  productive  land  for  energy.   Fifty-five  percent  of  those 
landowners  having  heard  about  using  biomass  for  energy  would 
consider  producing  it.   However,  only  42  percent  of  those 
landowners  not  having  heard  of  biomass  energy  production 
would  consider  it. 

A  landowner  was  more  likely  to  have  heard  of  using  plant 
materials  to  produce  energy  if  he  or  she  was  an  owner- 
operator,  below  average  in  age,  and  above  average  in 
education.   The  main  sources  of  information  for  these 
landowners  were  popular  and  trade  magazines  and  newspapers 
(84  percent)  or  other  landowners  (8  percent) .   Very  rarely 
did  they  hear  about  biomass  energy  production  from 
representatives  of  federal  or  state  government. 

About  half  of  the  landowners  that  had  heard  about 
biomass  energy  production  thought  that  they  were 
knowledgeable  about  the  equipment  needed  to  collect  crop 
residues  and  to  use  plant  materials  to  heat  buildings  or  to 
dry  grain.   Only  about  21  percent  thought  that  they  knew  of 
the  equipment  necessary  to  plant  and  harvest  trees  grown 
under  short-rotation.   In  addition,  15  percent  knew  of  some 
landowners  that  had  produced  biomass  for  energy,  and 
approximately  eight  percent  knew  of  some  opportunity  to  sell 
biomass  as  an  energy  feedstock.   The  collection  of  crop 
residues  (corn  stalks  and  cobs)  was  the  most  common  practice. 
Only  one  landowner  was  confirmed  to  be  using  SRIC  to  produce 
woody  biomass  for  use  as  energy. 

Landowner  attitudes  toward  biomass  production.   The 

majority  of  landowners  surveyed  in  the  Great  Lakes  region 
favored  the  development  of  biomass  as  an  alternative  source 
of  energy  and  the  need  to  use  energy  more  conservatively. 
For  example,  78  percent  of  all  landowners  agreed  that 
Americans  need  to  cut  down  on  their  use  of  energy;  71  percent 
thought  that  during  the  next  10-20  years,  the  cost  of  energy 
will  rise  faster  than  other  costs;  about  68  percent  agreed 
that  more  tax  money  should  be  spent  on  research  and 
development  of  renewable  sources  of  energy;  39  percent  felt 
that  conventional  fuels  such  as  oil,  gas,  and  coal  would  not 
meet  all  our  energy  needs  into  the  foreseeable  future;  and  74 
percent  agreed  that  the  use  of  plant  materials  such  as  crop 
residues  or  small  trees  planted  and  grown  for  fuel  are 
sources  of  energy  which  should  be  developed. 


Over  half  (52  percent)  of  all  landowners  surveyed 
favored  increasing  the  use  of  plant  materials  as  a  source  of 
energy  in  the  United  States  (Table  2) .   On  a  scale  of  0-10, 
where  0  is  very  unfavorable  and  10  is  very  favorable,  the 
average  response  was  6.3.   Of  landowners  who  would  consider 
producing  biomass  for  energy,  71  percent  (with  an  average 
response  of  7.2)  were  favorable  to  increasing  the  use  of 
plant  materials  for  energy.   However,  only  47  percent  of 
these  same  landowners  favored  producing  plant  materials  for 
energy  on  land  which  they  owned  or  rented.   The  average 
response  was  5.9.   On  a  percentage  basis,  landowners  spending 
less  than  50  percent  of  their  work  time  farming  (Table  3)  and 
landowners  with  more  than  12  years  of  education  (Table  4) 
were  slightly  more  favorable  (than  average)  about  increasing 
the  use  of  plant  materials  as  a  source  of  energy  in  the  U.S. 
and  about  producing  plant  materials  for  energy  on  land  which 
they  owned  or  rented.   As  a  group,  female  landowners  were  the 
least  favorable  about  producing  biomass  for  energy  on  their 
land.   This  is  due  partly  to  the  fact  that  they  are  (on 
average)  older  and  often  are  non-operators. 

Landowners,  favorable  to  increasing  the  use  of  plant 
materials  as  a  source  of  energy  in  the  U.S.,  were  asked  who 
should  be  responsible  for  developing  biomass  as  an  energy 
source.   The  results  are  ranked  below: 

Percent  of  Landowners 

Responsible  Party  Answering  Yes 

Energy  Industry  88 

Biomass  Producers  80 

Consumers  of  Energy  75 

State  Government  52 

Federal  Government  49 

These  results  suggest  that  landowners  feel  the  private 
sector  should  be  most  responsible  for  increasing  the  use  of 
biomass  as  an  energy  source.   The  energy  industry  includes 
providers  of  energy  (e.g.,  commercial  power  stations)  and 
secondary  manufacturers  (e.g.,  ethanol  conversion 
facilities) .   Biomass  producers  include  the  primary  producers 
of  energy  feedstocks  (e.g.,  farmers  and  other  landowners 
producing  biomass  from  their  land  for  energy  use) .   The  above 
ranking  was  little  affected  by  geographical  or  landowner 
characteristic . 

The  attitudes  of  these  same  landowners  toward  various 
incentives  aimed  at  encouraging  the  production  of  biomass  for 
energy  are  ranked  below  according  to  their  degree  of 
preference: 


Percent  of  Landowners 
Incentive  Favorable  to  Practice 

Technical  Assistance  75 

Reduction  in  Property  Tax  70 

Investment  Tax  Credits  68 

Cost  Sharing  47 

Price  Supports  42 

An  interesting  result  is  the  degree  to  which  technical 
assistance  is  preferred  over  other  incentives.   The  lack  of 
technical  assistance  was  also  cited  as  an  important  barrier 
to  biomass  production.   In  general,  the  above  ranking  varied 
little  among  landowner  groups.   The  most  evident  difference 
was  in  the  third  place  ranking  of  technical  assistance  by 
retired  landowners,  landowners  who  had  not  heard  of  biomass 
energy  production,  and  landowners  who  would  not  consider 
producing  biomass  for  energy  on  land  which  they  own  or  rent. 

Collection  of  crop  residues.   Of  those  13  landowners  who 
collected  crop  residues  for  energy,  92  percent  collected  corn 
stalks  or  cobs.   Eight  percent  had  collected  wheat  straw. 
For  the  most  recent  year,  they  collected  an  average  of  2  3 
tons  of  residues  from  an  average  of  134  acres.   Thirty-three 
percent  had  collected  crop  residues  off  land  they  rented. 

Sixty-seven  percent  of  these  landowners  used  some 
residues  for  fuel  in  their  own  operation  while  42  percent  had 
sold  some  crop  residues  for  use  as  an  energy  feedstock.   The 
average  price  was  $19.00  per  ton  with  a  per  ton  range  of 
$3.00  to  $40.00.   Only  14  percent  of  the  landowners  who  had 
not  sold  any  crop  residues  for  energy  were  aware  of  any 
opportunities  to  sell  it.   Seventy-five  percent  of  the 
landowners  that  had  used  residues  as  fuel,  definitely  plan  to 
continue  that  practice.   Similarly,  of  those  landowners  that 
had  sold  residues,  only  20  percent  plan  to  continue  doing  so 
(40  percent  were  not  sure) .   Reasons  cited  for  not  continuing 
include:   too  time  consuming;  did  not  pay  off;  and  changed 
crops  (residues  no  longer  available) . 

Sixty-two  percent  of  the  landowners  were  satisfied  with 
their  experiences  regarding  collecting  and  using  crop 
residues  for  energy.   Thirty-one  percent  were  neutral  and 
eight  percent  were  not  satisfied.   Problems  experienced  by 
these  landowners  in  collecting  and  using  crop  residues  for 
energy  are  listed  below: 

Percent  of  Landowners 
Problems  Experienced  Citing  this  Problem 

Storage  problems  15 

Too  bulky,  handling  problems  15 

Slows  (grain)  harvest  8 

Equipment  shortcomings  8 

Difficult  to  burn  properly  8 

Spoilage  8 


other  biomass  energy  production  systems.   One  landowner 
grew  sunflowers  for  energy  as  an  experiment.   The  main  reason 
for  not  continuing  was  the  lack  of  a  near-by  market. 
Otherwise,  the  landowner  was  satisfied  with  the  experience  of 
growing  crops  exclusively  for  energy.   Another  landowner  was 
confirmed  to  be  producing  woody  biomass  for  use  as  energy 
using  trees  (Populus  spp.)  grown  under  short  rotation. 

Barriers  to  Biomass  Energy  Production.   As  stated 
previously,  approximately  eight  percent  of  all  landowners 
surveyed  had  thought  seriously  about  growing  or  harvesting 
biomass  for  energy.   When  asked  which  barrier  had  most 
discouraged  them  from  producing  biomass,  54  percent  cited  one 
of  the  following  as  being  most  discouraging:   the  selling 
price  of  biomass;  the  additional  equipment  needed  for 
planting  or  harvest;  and  the  availability  of  technical 
advice.   Other  barriers  cited  as  most  discouraging  by  these 
landowners  included  the  need  to  purchase  a  biofuels  furnace; 
the  time  needed  to  plant  or  harvest  biomass;  and  the  need  to 
change  current  farming  practices.   Among  most  landowner 
groups,  the  selling  price  of  biomass  was  the  most  important 
barrier.   However,  there  were  some  exceptions:   for  example, 
landowner-landlords  cited  the  need  to  change  current  farming 
practices  as  the  most  important  barrier  while  landowners  who 
would  consider  producing  biomass  for  energy  cited  equipment 
needs  as  most  important. 

The  barrier  most  frequently  mentioned  as  second  most 
discouraging  was  the  availability  of  technical  advice. 
Biomass  storage  requirements,  the  cost  per  unit  of  energy, 
and  the  need  for  additional  help  were  other  barriers  which 
have  discouraged  landowners  from  producing  biomass  for  energy 
feedstocks. 

Of  those  landowners  who  would  never  consider  producing 
biomass  for  energy  (44  percent) ,  about  half  were  either 
satisfied  with  their  current  practice  or  needed  crop  residues 
for  other  uses  or  considered  themselves  too  old  (Table  5) . 
When  asked  what  would  need  to  change  in  order  for  them  to 
consider  biomass  energy  production,  24  percent  cited  much 
higher  prices  for  oil  and  gas,  while  20  percent  cited  better 
markets  for  biomass  and  improved  profitability.   About  8 
percent  said  they  would  not  change  while  almost  17  percent 
did  not  know. 

The  percentage  of  landowners  who  would  never  consider 
producing  biomass  for  energy  was  higher  than  average  for 
landowner-landlords  (52  percent) ,  landowners  who  had  never 
heard  of  biomass  energy  production  (48  percent) ,  landowners 
with  12  years  or  less  of  education  (46  percent) ,  and  female 
landowners  (53  percent) .   Major  differences  for  these  groups 
included  the  importance  placed  on  age  and  land  availability. 
For  example,  24  percent  of  female  landowners  in  this  group 


indicated  they  were  too  old  to  consider  producing  biomass  for 
energy  while  16  percent  of  those  landowners  spending  less 
than  50  percent  of  their  work  time  farming  said  that  they  did 
not  have  land  available  for  biomass  production. 

In  contrast  to  those  that  would  never  consider  it,  about 
47  percent  of  all  landowners  surveyed  said  they  would 
consider  producing  biomass  for  energy.   When  asked  what  type 
of  information  would  be  needed  for  them  to  seriously  consider 
using  these  practices,  69  percent  mentioned  one  of  the 
following  items  (Table  6) :   general  profitability  (including 
production  costs  and  market  information)  and  the  technical  or 
operational  aspects  of  biomass  production.   Eighty-nine 
percent  of  these  landowners  would  be  more  likely  to  consider 
collecting  or  growing  plant  materials  for  energy  if  a 
reasonable  opportunity  to  sell  biomass  existed.   Ninety-two 
percent  would  be  more  likely  to  consider  biomass  if  the  price 
of  conventional  fuels  increased,  and  90  percent  would  be  more 
likely  to  consider  it  if  they  could  use  their  present 
equipment  for  biomass  production. 

Landowners  who  would  consider  producing  biomass  were 
asked  to  choose  the  most  likely  and  least  likely  system  from 
the  following  set:   the  collection  of  crop  residues;  the 
growing  of  herbaceous  plants  exclusively  for  energy;  and 
short-rotation  forestry.   The  majority  of  these  landowners 
(59  percent)  preferred  the  collection  of  crop  residues  (Table 
7) .   Seventy-four  percent  of  the  landowners  gave  one  of  the 
following  reasons  for  this  selection:   (1)  the  material  or 
equipment  is  already  available;  (2)  the  other  biomass 
alternatives  are  unsuited  or  unacceptable;  (3)  the  system 
selected  is  the  easiest  or  most  convenient;  or  (4)  it  is  the 
most  practical  and  best  suited  for  the  available  land. 

The  biomass  production  system  preferred  the  least  by  the 
majority  (57  percent)  was  short-rotation  intensive  culture 
(Table  7) .   Reasons  cited  by  72  percent  of  the  landowners  for 
selecting  the  least  preferred  system  were:   (1)  the 
investment  or  planning  period  is  too  long;  (2)  there  are 
better  uses  for  the  biomass  than  using  it  for  energy;  (3)  a 
lack  of  knowledge  concerning  biomass  production  technology; 
(4)  it  involves  a  greater  amount  of  work  or  expense;  (5)  the 
land  is  not  available  or  suitable;  or  (6)  the  other  biomass 
crops  are  more  profitable. 

Summary  and  Conclusions 

The  majority  of  landowners  surveyed  in  the  Great  Lakes 
region  favored  the  development  of  biomass  as  an  alternative 
source  of  energy  in  the  U.S.  and  the  need  to  use  energy  more 
conservatively.   About  47  percent  of  these  landowners  said 
that  they  would  consider  producing  biomass  for  energy. 
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However,  the  production  of  biomass  for  energy  feedstocks  from 
private,  non-industrial  marginal  land  faces  many  major 
barriers.   Among  the  majority  of  landowner  groups,  the 
selling  price  of  biomass  was  the  most  important  (i.e.,  most 
frequently  mentioned) .   For  many  this  was  not  the  only 
barrier  which  discouraged  them  from  producing  biomass.   The 
availability  of  technical  advice  and  the  need  to  purchase 
additional  equipment  were  others  often  cited.   The  belief 
that  biomass  energy  production  required  too  much  extra  work, 
and  was  too  time  consuming  or  inconvenient,  also  was 
discouraging  to  landowners.   Biomass  storage  and  handling 
problems  were  other  barriers  (or  problems)  cited. 

When  asked  what  type  of  information  would  be  needed  for 
them  to  seriously  consider  using  these  practices,  69  percent 
mentioned  either:   the  general  level  of  profitability 
including  production  costs  and  available  markets,  or  the 
technical  and  operational  aspects  of  biomass  production. 
These  landowners  chose  the  collection  of  crop  residues  as 
their  most  likely  biomass  energy  production  system,  and 
short-rotation  forestry  as  their  least  likely. 

Age  and  available  time  are  other  important  barriers. 
Many  landowners,  for  whatever  reason,  consider  themselves  too 
old  to  begin  something  new.   Recall  that  average  landowner 
age  was  54  years  with  only  10  percent  under  the  age  of  35. 
With  respect  to  time,  a  significant  number  of  landowners  work 
at  jobs  off  the  farm  and  may  be  unable  or  unwilling  to 
actively  participate  in  biomass  energy  production.   Other 
barriers  include  possible  cash  flow  problems  which  may 
prevent  landowners  from  initiating  a  new  venture  such  as 
producing  biomass  for  energy,  and  the  existence  of  landowner 
preferences  which  are  decidedly  biased  against  SRIC. 

Given  that  favorable  attitudes  among  landowners  toward 
development  of  biomass  as  an  alternative  energy  source 
persist;  continuing  efforts  aimed  at  reducing  biomass 
production  and  utilization  costs,  the  elimination  of  storage 
and  handling  problems,  increased  yields,  and  the  development 
of  biomass  energy  markets  may  very  likely  lead  to  a 
substantial  increase  in  the  use  of  plant  materials  for 
energy.   However,  even  under  improved  conditions,  it  is 
questionable  whether  landowners  will  adopt  these  practices 
unless  sufficient  technical  assistance  is  provided. 

Educational  programs  aimed  at  landowners  favorable  to 
biomass  energy  production  and  to  interested  end  users  (e.g., 
institutions  seeking  to  reduce  energy  costs)  also  may  prove 
useful  to  change  beliefs  and  to  strengthen  attitudes  (and 
therefore  intentions)  toward  using  plant  materials  for 
energy.   These  programs  can  also  be  used  to  provide 
information  regarding  alternative  biomass  energy  systems. 
For  example,  even  though  the  collection  of  crop  residues  was 


the  most  common  current  practice,  it  is  not  necessarily  well 
suited  for  erodible  lands.   A  better  alternative  may  be 
short-rotation  forestry. 

Even  though  there  is  a  significant  amount  of  marginal 
land  in  the  Great  Lakes  region  physically  suitable  for 
biomass  energy  production;  unit  production  costs  must  be 
reduced,  on-site  utilization  technology  improved,  and 
attractive  markets  developed  for  landowners  to  seriously 
consider  producing  biomass  for  energy.   Furthermore, 
increasing  landowner  knowledge  about  biomass  energy 
production  and  making  technical  assistance  available  to  them 
are  critical.   Without  this  knowledge  and  assistance,  it  is 
likely  that  landowners  in  the  Great  Lakes  region  will 
continue  to  be  biased  against  SRIC,  even  under  more  favorable 
production  and  market  conditions. 

Using  plant  materials  as  a  renewable  source  of  energy 
may  enable  a  landowner  to  expand  or  diversify  available 
markets,  to  reduce  energy  costs,  and  to  use  marginal  land  in 
a  more  productive,  and  soil  conserving,  manner.   The 
attractiveness  of  biomass  energy  production  will  depend  to 
what  degree  the  barriers  identified  above  are  reduced.   Also 
important  are  the  attributes  of  each  individual  landowner, 
their  land  management  objectives,  the  site  characteristics  of 
land  considered  for  producing  energy  biomass,  the  convenience 
of  incorporating  biomass  production  into  the  over-all 
operation,  and  the  biomass  energy  production  system  under 
consideration . 
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Table  1.   Percentage  of  rural  land  in  farms,  average  number 
of  acres  owned,  rural  land  distribution  by  percent  slope,  and 
selected  land  use  in  Great  Lakes  region. 


Marainal  Land^ 

Corn^ 

Lake^ 

Cateaorv 

Total 

0-18% 

20-41% 

Belt 

States 

(%) 

(%) 

(%) 

(%) 

(%) 

Total  Rural  Land 

Land  in  farms 

92.9 

93.8 

91.4 

92.3 

95.6 

(290)^ 

(307) 

(263) 

(295) 

(268) 

Average  Slope 

Greater  than  10% 

7.8 

4.4 

14.5 

7.6 

7.5 

6%  -  10% 

17.0 

18.1 

14.2 

18.3 

5.2 

0%  -  5% 

75.9 

77.5 

71.2 

74.1 

87.0 

Land  Use® 

Cropland 

96.6 

97.2 

95.6 

96.0 

99.4 

(232) 

(257) 

(191) 

(235) 

(223) 

Woodland 

51.4 

46.2 

60.2 

50.8 

54.1 

(34) 

(32) 

(38) 

(35) 

(29) 

Pasture 

48.4 

43.6 

56.5 

49.6 

42.6 

(55) 

(43) 

(74) 

(60) 

(27) 

No.  of  respondents.^ 

1,025 

643 

382 

842 

183 

Total  non-prime,  non-federal,  rural  land  in  Soil 

Conservation  Service  Land  Capability  Classes  IV-VII. 

Illinois,  Indiana,  Iowa,  Ohio. 
^  Michigan,  Minnesota,  Wisconsin. 

Numbers  in  parentheses  represent  average  number  of  acres 

owned . 
®  Percentage  of  owners  of  rural  land  with  specified  land  use 

Number  of  landowners  interviewed  from  each  group. 
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Table  2.   Landowner  attitudes  toward  using  and  producing 
biomass  for  energy  in  Great  Lakes  region  by  percent  marginal 

land  and  subregion. 


Category 


Total 


Marginal  Land^   Corn^   Lake^ 
0-18%   20-41%    Belt    States 


ALL  LANDOWNERS 
How  favorable  are  you 
about  increasing  the 
use  of  plant  material 
as  a  source  of  energy 
in  the  United  States? 
Unfavorable  (0-4) 
Indifferent  (5) 
Favorable  (6-10) 
Don't  know 
TOTAL 
Average  response 

LANDOWNERS  WHO  WOULD 
CONSIDER  BIOMASS® 
How  favorable  are  you 
about  producing  plant 
materials  for  energy 
on  land  you  own  or 
rent? 

Unfavorable  (0-4) 

Indifferent  (5) 

Favorable  (6-10) 

Don't  know 

TOTAL 

Average  response 


(%) 


(%) 


(%) 


(%) 


(%) 


17.6 

15.7 

20.7 

16.5 

22.4 

26.3 

25.8 

27.2 

27.3 

21.9 

52.2 

54.6 

48.4 

52.5 

51.4 

3.8 

3.9 

3.7 

3.7 

4.3 

100.0 

100.0 

100.0 

100.0 

100.0 

(6.3) 

(6.4) 

(6.0) 

(6.3) 

(6.0) 

21.0 

22.5 

18.1 

22.8 

12.5 

29.7 

28.9 

31.0 

28.9 

33.0 

47.0 

46.9 

47.4 

46.2 

51.1 

1.9 

1.0 

3.5 

1.8 

2.3 

99.6 

99.3 

100.0 

99.7 

98.9 

(5.9) 

(5.8) 

(5.9) 

(5.8) 

(6.3) 

Total  non-prime,  non-federal,  rural  land  in  Soil 

Conservation  Service  Land  Capability  Classes  IV-VII. 

Illinois,  Indiana,  Iowa,  Ohio. 

Michigan,  Minnesota,  Wisconsin. 

Numbers  in  parentheses  represent  average  landowner  response 

on  a  scale  from  0  to  10. 

Forty-seven  percent  of  all  landowners  (482  out  of  1,025) 

said  that  they  would  consider  producing  biomass  for  energy. 
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Table  3.   Landowner  attitudes  toward  using  and  producing 
biomass  for  energy  in  Great  Lakes  region  by  landowner- 
operator/non-operator  and  occupation^. 


Category 


Landowner- 

Qperator 
Yes    No 


Occupation 


Fanner  Nonfarm  Retired 


ALL  LANDOWNERS 
How  favorable  are  you 
about  increasing  the 
use  of  plant  material 
as  a  source  of  energy 
in  the  United  States? 
Unfavorable  (0-4) 
Indifferent  (5) 
Favorable  (6-10) 
Don't  know 
TOTAL 
Average  response 

LANDOWNERS  WHO  WOULD 
CONSIDER  BIOMASS^ 
How  favorable  are  you 
about  producing  plant 
materials  for  energy 
on  land  you  own  or 
rent? 

Unfavorable  (0-4) 

Indifferent  (5) 

Favorable  (6-10) 

Don't  know 

TOTAL 

Average  response 


(%)    (%) 


(%) 


(%) 


(%) 


18.7      16.1 

18.9 

16.0 

16.8 

26.2       28.4 

26.6 

24.0 

30.5 

52.6      49.3 

53.2 

56.6 

40.7 

2.5         6.2 

1.3 

3.4 

12.0 

00.0    100.0 

100.0 

100.0 

100.0 

(6.2)     (6.2) 

(6.2) 

(6.5) 

(6.0) 

22.1 

23.4 

22.2 

19.7 

19.2 

30.2 

25.0 

29.0 

27.9 

40.4 

46.7 

46.8 

47.6 

50.3 

31.9 

1.0 

3.2 

1.2 

2.1 

4.3 

100.0 

98.4 

100.0 

100.0 

95.8 

(5.8) 

(5.8) 

(5.9) 

(6.0) 

(5.4 

Farmers  are  defined  as  spending  50  percent  or  more  of  their 

work  time  at  farm  related  activities,  whereas  landowners  in 

the  nonfarm  group  spend  less  than  50  percent  of  their  work 

time  at  similar  activities. 

Numbers  in  parentheses  represent  average  landowner  response 

on  a  scale  from  0  to  10. 

Forty-seven  percent  of  all  landowners  (482  out  of  1,025) 

said  that  they  would  consider  producing  biomass  for  energy. 


Table  4.   Landowner  attitudes  toward  using  and  producing 
biomass  for  energy  in  Great  Lakes  region  by  education  and 

sex. 


Education 


Category 


12  Years 
or  Less 


Greater  Than 
12  Years 


Sex 


ALL  LANDOWNERS 
How  favorable  are  you 
about  increasing  the 
use  of  plant  material 
as  a  source  of  energy 
in  the  United  States? 
Unfavorable  (0-4) 
Indifferent  (5) 
Favorable  (6-10) 
Don't  know 
TOTAL 
Average  response^ 

LANDOWNERS  WHO  WOULD 
CONSIDER  BIOMASS^ 
How  favorable  are  you 
about  producing  plant 
materials  for  energy 
on  land  you  own  or 
rent? 

Unfavorable  (0-4) 

Indifferent  (5) 

Favorable  (6-10) 

Don't  know 

TOTAL 

Average  response 


(%) 


(%) 


Male 


(%) 


Female 


(%) 


17.8 

17.2 

17.8 

15.9 

29.5 

20.5 

25.1 

34.9 

47.7 

60.7 

53.6 

42.8 

5.0 

1.6 

3.5 

6.4 

100.0 

100.0 

100.0 

100.0 

(6.1) 

(6.6) 

(6.3) 

(6.0) 

19.5 

23.2 

20.6 

25.0 

33.3 

23.8 

28.7 

40.0 

43.8 

52.4 

48.9 

27.5 

2.7 

0.5 

1.6 

5.0 

99.3 

99.9 

99.8 

97.5 

(5.8) 

(5.9) 

(5.9) 

(5.0 

^  Numbers  in  parentheses  represent  average  landowner  response 

on  a  scale  from  0  to  10. 
"  Forty-seven  percent  of  all  landowners  (482  out  of  1,025) 

said  that  they  would  consider  producing  biomass  for  energy. 


c 


(( 


Table  5.   Main  reasons  cited  by  landowners  in  Great  Lakes 
region  for  never  considering  the  production  of  biomass  for 

energy. 


Marginal  Land^ 

Corn^ 

Lake^ 

Cateaorv 

Total 

0-18% 

20-41% 

Belt 

States 

MAIN  REASON  FOR  NOT 

(%) 

(%) 

(%) 

(%) 

(%) 

CONSIDERING  BIOMASS 

Currently  satisfied 

20.4 

21.0 

19.5 

19.6 

24.1 

Need  residues  on 

17.7 

16.8 

19.0 

18.4 

14.5 

site  or  as  feed 

Too  old 

12.2 

12.7 

11.5 

11.2 

16.9 

Land  unavailable 

7.9 

7.5 

8.6 

8.4 

6.0 

Better  land  use 

6.1 

7.1 

4.6 

5.6 

8.4 

Too  much  trouble 

5.0 

4.1 

6.3 

5.3 

3.6 

Unprofitable 

4.8 

5.2 

4.0 

4.2 

7.2 

High  prod,  costs 

4.5 

6.0 

2.3 

4.8 

3.6 

Not  enough  informa. 

4.1 

3.8 

4.6 

4.5 

2.4 

Land  too  valuable 

2.3 

3.8 

0.0 

2.8 

0.0 

No.  of  respondents^ 

441 

267 

174 

358 

83 

^  Total  non-prime,  non- federal,  rural  land  in  Soil 
Conservation  Service  Land  Capability  Classes  IV-VII. 
Illinois,  Indiana,  Iowa,  Ohio. 

^  Michigan,  Minnesota,  Wisconsin. 

^  Number  of  landowners  interviewed  from  each  group. 


Table  6.   Information  needed  by  landowners  in  Great  Lakes 
region  who  would  consider  producing  biomass  for  energy. 

Marginal  Land^  Corn^  Lake^ 

Category Total    0-18%   20-41%    Belt   States 

INFORMATION  NEEDED  BY    (%)     (%)       (%)       (%)       (%) 
LANDOWNERS  TO  SERI- 
OUSLY CONSIDER  BIOMASS 

Profitability 

Technical  informa. 

Costs  involved 

Markets 

Need  demonstration 

Don't  know  18.7     17.6     20.5     19.2     16.1 

No.  of  respondents^      477      306      171      390       87 

^  Total  non-prime,  non-federal,  rural  land  in  Soil 
Conservation  Service  Land  Capability  Classes  IV-VII. 
Illinois,  Indiana,  Iowa,  Ohio. 

^  Michigan,  Minnesota,  Wisconsin. 

Number  of  landowners  interviewed  from  each  group. 


24.5 

25.8 

22.2 

24.6 

24.1 

22.9 

21.2 

25.7 

22.8 

23.0 

12.8 

13.1 

12.3 

13.1 

11.5 

9.1 

9.5 

8.2 

8.5 

11.5 

2.1 

2.3 

1.8 

2.3 

1.2 

Table  7.   Landowner  preferences  toward  biomass  production 

systems  in  Great  Lakes  region. 


Marainal  Land^ 

Corn^ 

Lake^ 

Catecrorv 

Total 

0-18% 

20-41% 

Belt 

States 

MOST  LIKELY  BIOMASS 

(%) 

(%) 

(%) 

(%) 

(%) 

SYSTEM  IF  LANDOWNER 

WAS  TO  PRODUCE  IT 

Crop  residues 

58.8 

61.9 

52.9 

59.3 

56.3 

Herbaceous  plants 

12.5 

12.3 

12.9 

12.2 

13.8 

Short-rotation  for. 

16.3 

13.2 

21.8 

17.3 

11.5 

Don't  know 

11.3 

11.0 

11.8 

10.2 

16.1 

MAIN  REASON  FOR  PICK- 
ING MOST  LIKELY  SYS. 

Resource  is  avail. 

Other  sys.  unsuit. 

Most  convenient 

Most  practical 

LEAST  LIKELY  BIOMASS 
PRODUCTION  SYSTEM 
Crop  residues 
Herbaceous  plants 
Short-rotation  for, 
Don't  know 


52.7 

53.3 

51.6 

51.8 

56.8 

9.1 

7.6 

11.8 

9.9 

5.4 

6.3 

7.2 

4.6 

7.0 

2.7 

6.1 

5.4 

7.2 

6.2 

5.4 

13.1 

11.0 

17.1 

14.5 

6.9 

19.4 

18.1 

21.8 

19.1 

20.7 

56.9 

61.0 

49.4 

57.0 

56.3 

9.4 

8.4 

11.2 

8.1 

14.9 

MAIN  REASON  FOR  PICK- 
ING LEAST  LIKELY  SYS. 
Takes  too  long 
Better  uses  for  it 
Not  knowledgeable 
More  work 


22.4 

25.4 

16.6 

24.3 

13.2 

12.9 

11.7 

15.2 

13.1 

11.8 

10.1 

8.8 

12.6 

10.1 

10.5 

9.9 

11.7 

6.6 

10.3 

7.9 

No.  of  respondents 


480 


310 


170 


393 


87 


^  Total  non-prime,  non-federal,  rural  land  in  Soil 

Conservation  Service  Land  Capability  Classes  IV-VII 
^  Illinois,  Indiana,  Iowa,  Ohio. 
^  Michigan,  Minnesota,  Wisconsin. 
^  Number  of  landowners  interviewed  from  each  group. 
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Fig.    1.      Great  Lakes   regional   landowner  survey  area.      The 
lighter  shaded  areas   comprise  the   survey  area;    the  darkest 
shaded  area  was  excluded   from  the   survey. 


ALL  RESPONDENTS 
(1,025) 


FARM  LANDOWNERS 
(92.9%) 


LANDOWNERS  KNOWING 
ABOUT  BIOMASS  ENERGY 
(46.8%) 


OWNER-OPERATORS 
(59.9%) 


LANDOWNERS  WHO  HAVE 

NOT  PRODUCED  BIOMASS 

ENERGY,  BUT  WHO 

WOULD  CONSIDER  IT 

(46.8%) 


FULL-TIME 
FARMERS 
(49.6%) 


LANDOWNERS  WHO  HAVE 
GIVEN  THOUGHT  TO 
PRODUCING  BIOMASS 
ENERGY,  BUT  HAVE  NOT 
(7.8%) 


LANDOWNERS  WHO  HAVE  PRODUCED, 
USED,  OR  SOLD  BIOMASS  ENERGY 
(1.6%) 
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Fig.  2.   Major  respondent  categories;  percentages  are  based 
on  total  number  of  landowners  interviewed. 
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FORESTRY  RESEARCH  ""^  ^ 
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The  Economics  of  Interplanting  Nitrogen- fixing  Nurse  Trees 

with  Eastern  Black  Walnut 

Gene  E.  Campbell  and  Jeffrey  O.  Dawson^ 


Introduction 

Eastern  black  walnut  is  a  commercially  valuable  tree  of 
the  central  hardwood  region  of  North  America.   High 
commercial  values  have  persuaded  many  to  establish 
plantations  of  this  species.   Among  the  practices  that  have 
been  proven  effective  in  increasing  walnut  yields  in 
plantations  are  weed  control,  nitrogen  fertilization, 
selecting  a  suitable  planting  site,  pesticide  application, 
and  interplanting  with  either  cover  crops  or  other  woody 
plant  species  (Phares  1973,  Ponder  and  Baines  1985).   Woody 
nitrogen-fixing  nurse  crops  can  be  interplanted  with  black 
walnut  to  improve  nitrogen  fertility,  promote  self  pruning 
and  straighter  boles  in  crop  trees,  increase  the  rate  of 
height  and  diameter  growth,  control  walnut  anthracnose,  lower 
soil  temperatures,  suppress  weeds  through  shading,  and 
shelter  walnut  seedlings  and  saplings  from  the  deleterious 
effects  of  wind  (Funk  et  al.  1979,  Ponder  1980,  Ponder  1983, 
Friedrich  and  Dawson  1984,  Schlesinger  and  Williams  1984, 
Kessler  1985,  Van  Sambeek  et  al.  1985) .   Hardwood  species, 
including  black  walnut,  have  shown  improved  growth  in  mixture 
with  nitrogen-fixing  trees  and  shrubs  including  the  tree 
legume  black  locust  (Finn  1953) ,  actinorhizal  (Frankia- 
nodulated)  European  black  alder  (Plass  1977) ,  and  autumn 
olive  (Funk  et  al.  1979) . 

The  decision  to  commercially  plant  black  walnut, 
interplanted  with  nitrogen-fixing  nurse  crops,  depends  not 
only  on  the  biological  parameters  involved  and  silvicultural 
benefits  described  above,  but  also  on  expectations  of  future 
revenues  compared  to  alternative  opportunities.   To  gain 
insight  into  the  combined  silvicultural  and  financial 
benefits  of  these  types  of  systems,  a  set  of  U.S.  Forest 
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Service  research  plots  in  southern  Illinois,  where  black 
walnut  had  been  interplanted  with  black  alder  or  autumn 
olive,  was  selected  as  the  basis  for  predicting  the  effects 
of  two  interplanting  options  on  growth,  yield,  and  economic 
value  of  black  walnut  plantations. 


Method 

The  study  site  was  a  well-drained  bottomland  adjacent  to 
Ambeer  Creek  in  Alexander  County  in  southern  Illinois.   The 
soil  was  a  Raymond  silt  loam  underlain  with  coarse-textured 
material  at  depths  of  85  to  90  cm.   Low  soil  fertility  of 
this  former  farmland  was  the  major  factor  limiting  walnut 
growth.   The  area  has  a  growing  season  of  approximately  200 
days  and  an  annual  precipitation  of  120  cm.   The  climate  is 
continental  with  hot  and  occasionally  droughty  summers. 

Fifth-acre  plots  with  added  border  rows  were  established 
in  a  contiguous,  completely  randomized  design  by  personnel  of 
the  U.S.  Forest  Service,  North  Central  Forest  Experiment 
Station  in  the  spring  of  1969  as  part  of  a  study  of  the 
effects  of  nitrogen-fixing  nurse  crops  on  black  walnut 
growth.   Walnut  plantings  had  a  spacing  between  rows  of  12 
ft.   For  this  analysis,  plots  were  selected  at  Ambeer  Creek 
with  spacing  between  walnut  trees  within  rows  of  32  ft.  and 
with  the  rows  staggered  so  that  the  trees  were  uniformly 
spaced.   Walnut  trees  had  the  same  spacings  in  both  the 
interplanted  and  control  plots.   With  the  addition  of  three 
woody  nitrogen  fixers  planted  between  the  walnuts  within  each 
row,  an  overall  spacing  of  8  by  12  ft.  was  obtained  for  the 
interplantings.   Two  replicated  plots  of  actinorhizal 
European  black  alder  or  autumn  olive  interplanted  with 
walnut,  and  two  control  plots  for  a  total  of  six  plots,  were 
used  as  the  basis  for  this  study. 

All  plots  were  prepared  by  plowing  and  discing  and  1:0 
nursery  stock  was  planted.  Missing  seedlings  were  replaced 
after  the  second  and  fourth  growing  seasons  in  the  spring 
with  one-year-old  nursery  stock.  Annual  mowing  was  used  to 
control  weed  growth  in  the  plots  and  volunteer  trees  or 
shrubs  in  the  rows  were  cut  in  most  years.  However,  autumn 
olive  volunteered  vigorously  and  was  present  on  most  plots, 
though  it  was  kept  in  check  by  mowing. 

Total  tree  height  and  diameter  at  breast  height  (dbh) 
were  measured  for  all  walnut  trees  in  the  selected  plots 
during  the  winters  of  1982-1983  and  1987-1988.   Height  values 
for  the  dominant  black  walnut  in  the  interplantings  and 
controls  were  fit  to  appropriate  site  index  curves 
(Schlesinger  and  Funk  1977)  in  order  to  derive  walnut  site 
index  values  for  use  in  the  walnut  growth  models. 


Average  dbh  was  projected  over  time  for  each  treatment 
using  a  linear  projection  of  dbh  squared.   Three  other 
methods  of  projection  were  tested:   the  generalized  black 
walnut  diameter  function  from  Ferell  and  Lundgren  (1976) ,  the 
Central  States  version  of  TWIGS  (ver.  3.0),  and  a  constant 
annual  diameter  growth  rate  (Fig.  1) .   Dbh  squared  was  chosen 
for  use  in  the  analysis  since  (1)  it  provided  a  realistic  dbh 
growth  curve  (i.e.,  dbh  increased  over  time  at  a  decreasing 
rate) ;  (2)  it  seemed  to  project  dbh  growth  more  consistently 
at  all  ages;  and  (3) ,  for  the  black  alder  and  autumn  olive 
interplantings,  it  provided  a  dbh  growth  curve  that  was  near 
the  average  for  the  other  three  models.   Mortality  for  each 
plot  was  estimated  by  the  TWIGS  model  under  an  assumption  of 
no  management.   Total  growing  stock  board- foot  volumes  (Doyle 
log  rule)  were  estimated  using  the  exponential-monomolecular 
volume  equation  from  Ferell  and  Lundgren  (1976) .   These 
yields  are  probably  conservative  since  they  were  derived  from 
"average"  trees  in  combination  with  the  Doyle  log  rule. 

Dollar  values  were  assigned  to  the  black  walnut  growing 
stock  in  two  steps.   First,  based  on  Dale  and  Brisbin  (1985) , 
growing  stock  volumes  were  distributed  into  four  different 
log  grades  by  size  class  (Table  1) .   A  portion  of  grade 
"Prime"  was  allocated  to  veneer  based  on  the  latest  Forest 
Service  inventory  (Hahn  1987  and  Blyth  et  al.  1987)  and  Noweg 
(1986) .   These  volumes  were  then  multiplied  by  their 
respective  stumpage  prices.   Statewide  average  stumpage 
prices  were  obtained  from  the  "Illinois  Timber  Prices  Survey" 
which  is  a  cooperative  reporting  effort  by  the  Illinois 
Agricultural  Statistics  Service  and  the  Illinois  Department 
of  Conservation  (Table  2) .   Prices  were  adjusted  to  reflect 
"marked  timber  sales",  as  reported  by  the  "Survey",  and 
apportioned  to  each  respective  log  grade  based  on  the  current 
grade  distribution  prevalent  in  Indiana.   Current  growing 
stock  values  were  placed  on  a  comparable  basis  through  the 
use  of  traditional  discounting  procedures. 


Results  and  Discussion 

The  black  walnut  interplanted  with  autumn  olive  grew  in 
both  diameter  and  height  at  faster  rates  than  the  walnut 
interplanted  with  black  alder  through  plantation  age  18 
(Table  3) .   Recent  studies  have  shown  that  walnut  growth  in 
these  plots  is  proportional  to  annual  values  for  soil 
nitrogen  mineralization  (Paschke  and  Dawson  1989) . 
Accordingly,  projections  of  average  dbh  indicate  that  the 
black  walnut  crop  associated  with  the  autumn  olive 
interplanting  promises  greater  growth  and  yield  than  does  the 
black  walnut  crop  with  the  black  alder  interplanting  (Fig. 
2). 


Interplanting  either  of  the  nitrogen  fixing  species 
improves  black  walnut  growth  and  yield  compared  with  the 
control.   Autumn  olive  is  a  shrub  with  multiple  stems  that 
forms  a  solid  understory  canopy  less  than  20  ft.  in  height  in 
the  walnut  plantation.   Correspondingly,  black  alder  is  a 
tree  with  a  height  growth  rate  similar  to  walnut.   The  canopy 
formed  by  alder  in  these  plots  is  more  open  than  that  of 
autumn  olive,  resulting  in  more  weeds  at  ground  level  in  the 
mixed  walnut  and  alder  plots  than  in  the  walnut  and  autumn 
olive  mixture.   Thus  the  autumn  olive  may  eliminate  weed 
competition  in  the  plantation  understory  while  competing  with 
the  interplanted  walnut  trees  less  than  the  larger  black 
alder  trees  for  water,  light,  and  nutrients. 

Both  nurse  crops  fix  nitrogen,  but  nitrogen  availability 
is  greatest  in  soils  of  the  autumn-olive  interplanting 
(Paschke  and  Dawson  1989) .   It  has  also  been  suggested  that 
companion  planting  of  black  walnut  with  autumn  olive  helps  to 
control  walnut  anthracnose  by  blocking  the  movement  of  spores 
from  infected  walnut  litter  (Kessler  1985) . 

Estimated  per-acre  walnut  growing  stock  volume  is,  on 
average,  113  percent  greater  for  the  autumn  olive 
interplanting  than  for  the  interplanting  containing  black 
alder  (Table  4).   In  terms  of  current  value  (Fig.  3),  derived 
as  a  function  of  tree  diameter,  grade,  and  product  as  well  as 
volume,  the  average  difference  is  159  percent.   The  increase 
in  this  percentage  difference  is  largely  due  to  the  higher 
average  dbh  growth  rate  of  black  walnut  associated  with  the 
autumn  olive  interplanting.   This  increased  growth  rate  for 
black  walnut  results  in  not  only  more  merchantable  volume, 
but  also  a  greater  percentage  of  volume  in  the  higher  grades. 

Based  on  the  projected  rate  of  growth,  the  black  walnut 
trees  in  the  control  plots  did  not  reach  merchantable  sawlog 
size  within  the  80-year  projection  period.   Annual  mowing  did 
not  adequately  control  weed  competition,  particularly 
grasses,  in  the  control  plots  which  had  less  crown  cover 
resulting  in  more  shade  intolerant  weeds.   Soil  nitrogen 
mineralization  rates,  and  hence  available  nitrogen,  were  low 
in  the  control  plots  (Paschke  and  Dawson  1989) .   Consequently 
tree  growth  and  vigor  were  low  and  tree  mortality  was  high 
relative  to  the  other  plots. 

Another  benefit  of  interplanting  black  alder  or  autumn 
olive  with  black  walnut  may  be  a  reduced  rotation  age. 
Length  of  rotation  depends  on  the  frequency,  timing,  and 
magnitude  of  each  increase  in  stand  value  as  crop  trees  grow 
into  higher  grade  classes,  and  the  opportunity  cost  of 
holding  the  timber.   In  this  case,  holding  real  prices 
constant,  the  age  of  financial  maturity  for  the  autumn  olive 
interplanting  is  less  than  for  black  alder  at  a  discount  rate 
of  six  percent,  and  greater  at  rates  of  four  and  eight 


percent  (Table  5) .   The  mixed  results  are  due  to  the  faster 
rate  of  dbh  growth  estimated  for  the  autumn  olive 
interplanting  and  the  associated  differences  in  the  magnitude 
and  timing  of  stand  value  increases.   For  example,  the  age  of 
financial  maturity  for  the  black  alder  interplanting  is  72 
years  assuming  a  discount  rate  of  four  percent;  it  is  78 
years  for  the  autumn  olive  interplanting.   The  underlying 
reason  is  the  estimated  stand  value  for  the  autumn  olive 
interplanting  increased  by  more  than  the  opportunity  cost  of 
capital  between  stand  ages  72  and  78.   This  was  not  the  case 
for  the  black  alder  interplanting. 

Associated  present  values  are  also  higher  for  the  black 
walnut  and  autumn  olive  mixture  (Table  5) .   The  difference  in 
present  value  between  the  two  interplantings  at  the  age  of 
financial  maturity,  depending  on  the  discount  rate,  ranges 
from  184  to  241  percent. 

Interplanting  strategies  also  can  be  very  competitive 
with  other  land-use  alternatives  for  marginal  farmland. 
Competitiveness  stems  from  the  interplantings'  nitrogen- 
fixing,  weed  suppression,  and  walnut  training  capabilities. 
Thus  the  need  for  artificial  fertilization,  weed  control,  and 
corrective  and  lateral  pruning,  can  be  reduced  considerably 
if  not  eliminated.   In  addition,  given  the  initial  spacing  of 
12  X  32-ft.  for  the  black  walnut  trees,  pre-commercial 
thinnings  for  stocking  control  also  may  not  be  needed.   Based 
on  costs  reported  by  Noweg  and  Kurtz  (1987)  for  a  typical 
black  walnut  management  scheme,  the  present  value  of  these 
interplanting  benefits  could  conceivably  be  worth  $127  per 
acre  in  discounted  dollars  (where  the  real  discount  rate  is 
six  percent) .   If  the  discount  rate  is  four  percent,  these 
benefits  could  increase  to  $151  per  acre. 

Assuming  a  marginal  cropland  value  of  $450/ac,  site 
preparation  costs  of  $20/ac,  seedling  and  planting  costs  of 
$100/ac,  first  year  herbicide  treatment  costs  of  $30/ac, 
annual  operation  &  maintenance  costs  of  $2/ac,  annual 
property  taxes  of  $l/ac,  and  a  rotation  of  78  years;  the  real 
return  on  investment  estimated  for  the  autumn  olive 
interplanting  strategy  is  3.6  percent.   For  comparison 
purposes,  the  real,  bef ore-tax,  average  annual  compound  rate 
of  return  was  6.7  percent  for  common  stocks  from  1926  to 
1986,  1.0  percent  for  long-term  government  bonds,  1.7  percent 
for  long-term  corporate  bonds,  and  0.3  percent  for  U.S. 
Treasury  Bills  (Ibbotson  Associates  1987) . 

If  property  taxes  are  excluded  from  the  analysis  while 
retaining  other  land  holding  costs  and  a  real  annual  rate  of 
stumpage  price  appreciation  of  0.5  percent  is  assumed  (Noweg 
and  Kurtz  1987) ,  the  real  IRR  for  the  above  scenario 
increases  to  4.2  percent.   This  annual  rate  of  return  can  be 
substantially  increased  if  governmental  assistance  and 
incentive  programs  are  considered.   Such  programs  include 


state  cost-sharing  available  through  the  Illinois  Forestry        \ 
Development  Act  (FDA) ;  plus,  federal  cost-sharing  available 
in  the  United  States  through  the  Conservation  Reserve  Program 
(CRP) ,  Forestry  Incentives  Program  (FIP) ,  or  Agriculture 
Conservation  Program  (ACP) ;  and  U.S.  federal  income  tax 
incentives  such  as  the  investment  tax  credit  (ITC) . 

Conclusions 

Interplanting  eastern  black  walnut  with  nitrogen-fixing 
tree  species  can  provide  landowners  with  a  low  cost,  low 
maintenance  land-use  alternative,  well  adapted  for  lands 
marginally  suited  for  traditional  agriculture.   If 
expectations  (as  reported  here)  with  respect  to  growth  and 
yield  are  realized,  then  interplanted  black  walnut 
plantations  can  provide  competitive  returns  on  investment. 
For  marginal  sites,  these  returns  may  exceed  those  from  other 
more-intensively  managed  alternatives. 
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Table  1.   Percentage  log  grade  distribution  of  board-foot 

volumes  for  black  walnut. 


Log  Grade^— 

_« 

DBH 

DIB^ 

Veneer 

Prime 

No.  ; 

No.  2 

No.  3 

(in) 

(in) 

(%) 

(%) 

(%) 

(%) 

(%) 

12 

11 

75 

25 

14 

13 

5 

45 

40 

10 

16 

15 

10 

15 

40 

30 

5 

18 

17 

15 

25 

35 

20 

5 

20 

18 

20 

30 

30 

15 

5 

22 

20 

25 

33 

25 

13 

4 

24 

22 

30 

36 

20 

11 

3 

26 

24 

35 

39 

15 

10 

1 

^  Conversion  to  diameter  inside  bark  (dib)  is  based  on 
Forestry  Handbook  (2nd  ed.),  Table  21,  page  280. 

"   Log  grade  distribution  is  derived  from  Dale  and  Brisbin 
(1985) . 


Table  2. 


DIB 
(in) 
12-13 
14-15 
16-17 
18-20 
21-23 
24-28 

29+ 


Stumpage  prices  for  black  walnut  veneer  and 
sawlogs,  Doyle  log  rule. 


Veneer 


Price 

($/mbf) 

947 

1- 

,116 

li 

,285 

1, 

,640 

2, 

,131 

2, 

,486 

2, 

,232 

Grade 


Sawlogs 


Price 


($/mbf) 

Prime 

685 

No.  1 

569 

No.  2 

321 

No.  3 

141 

Table  3.   Average  height,  dbh,  and  annual  growth  rate  for 
eastern  black  walnut  by  treatment  and  stand  age. 


Average  Annual 

BW^ 

Age  14 

Age  18 

DBH  Growth  Rate 

Interplanted 

Site 

Mean 

Mean 

Age 

Species 

Index 

Ht.   DBH 
(ft)  (in) 

Ht.   DBH 
(ft)  (in) 

0-14   14-18   0-18 

(treatment) 

(inches  per  year) 

Autumn-olive 

80 

32.5   6.0 

39.9   7.5 

0.43   0.38    0.42 

Black  alder 

70 

24.9   3.9 

33.1   5.6 

0.28   0.43    0.31 

Control 

30 

11.8   2.1 

16.2   3.0 

0.15   0.23    0.17 

^  Black  walnut  (BW)  site  index  reflects  influence  on  growth 
of  dominant  trees  for  each  treatment;  base  age  50.   Initial 
black  walnut  spacing  is  12  x  32  feet  (115  t.p.a.). 


Table  4.   Estimated  total  height,  average  dbh,  trees  per  acre, 
and  volume  per  acre  (Doyle  log  rule)  for  eastern  black  walnut 

by  treatment  and  stand  age. 


.  .  .  f*Afcn 

ro/M   

■  BLACK  ALDER 
Site  Index  70 

AUTUMN 
Site  In 

f\i   t%/c 

■ " "  LUN  KWk  

site  Index  30 

1 

OLIVE  

dex  80 

Aae 

Total  Ht 

."  dbh'' 

T.P.A.^ 

Volume* 

Total  Ht 

.  DBH 

T.P.A. 

Volune 

Total  Ht 

=.  DBH 

T.P.A 

.  Volume 

(yrs) 

(ft) 

(in) 

(#) 

(bf/ac) 

(ft) 

(in) 

(#) 

(bf/ac) 

(ft) 

(in) 

(#) 

(bf/ac) 

14 

14.4 

2.1 

92 

0 

33.5 

3.9 

102 

0 

38.3 

6.0 

115 

0 

18 

17.1 

3.0 

30 

0 

39.9 

5.6 

100 

0 

45.6 

7.5 

108 

0 

21 

18.9 

3.5 

27 

0 

44.1 

6.6 

93 

0 

50.4 

8.5 

102 

846.6 

24 

20.6 

4.0 

25 

0 

48.0 

7.5 

87 

0 

54.9 

9.3 

96 

1238.4 

27 

22.1 

4.4 

23 

0 

51.5 

8.2 

81 

599.4 

58.9 

10.1 

92 

1729.6 

30 

23.4 

4.8 

21 

0 

54.7 

8.9 

77 

831.6 

62.5 

10.8 

88 

2252.8 

33 

24.7 

5.1 

19 

0 

57.6 

9.6 

73 

1109.6 

65.9 

11.5 

84 

2847.6 

36 

25.1 

5.4 

18 

0 

60.3 

10.2 

69 

1380.0 

68.9 

12.1 

81 

3442.5 

39 

26.9 

5.8 

16 

0 

62.7 

10.8 

66 

1696.2 

71.7 

12.7 

78 

4087.2 

42 

27.8 

6.0 

15 

0 

64.9 

11.3 

63 

1978.2 

74.2 

13.3 

75 

4770.0 

45 

28.7 

6.3 

14 

0 

67.0 

11.9 

60 

2340.0 

76.5 

13.9 

73 

5555.3 

48 

29.5 

6.6 

13 

0 

68.8 

12.4 

58 

2685.4 

78.6 

14.4 

71 

6240.9 

51 

30.2 

6.9 

13 

0 

70.5 

12.8 

56 

2968.0 

80.6 

14.9 

69 

6955.2 

54 

30.9 

7.1 

12 

0 

72.1 

13.3 

54 

3337.2 

82.4 

15.4 

67 

7684.9 

57 

31.5 

7.3 

11 

0 

73.5 

13.7 

52 

3619.2 

84.0 

15.9 

65 

8417.5 

60 

32.0 

7.6 

11 

0 

74.8 

14.2 

50 

3995.0 

85.5 

16.4 

64 

9292.8 

63 

32.6 

7.8 

10 

38.0 

76.0 

14.6 

49 

4361.0 

86.8 

16.9 

62 

10031.6 

66 

33.0 

8.0 

10 

43.0 

77.1 

15.0 

48 

4732.8 

88.1 

17.3 

61 

10760.4 

69 

33.5 

8.2 

9 

43.2 

78.1 

15.4 

46 

5000.2 

89.2 

17.7 

60 

11478.0 

72 

33.9 

8.4 

9 

48.6 

79.0 

15.8 

45 

5373.0 

90.3 

18.2 

59 

12413.6 

75 

34.2 

8.6 

8 

47.2 

79.9 

16.2 

44 

5746.4 

91.3 

18.6 

58 

13154.4 

78 

34.6 

8.8 

8 

52.8 

80.6 

16.5 

43 

5998.5 

92.2 

19.0 

57 

13885.2 

80 

34.8 

9.0 

8 

57.6 

81.1 

16.8 

43 

6381.2 

92.7 

19.2 

56 

14134.4 

a 
b 


Derived  from  Ferell  and  Lundgren  (1976) . 

Diameter  at  breast  height  was  estimated  from  a  linear  pro- 
jection of  dbh^. 

The  Central  States  version  of  TWIGS  (ver.  3.0)  was  used  to 
estimate  mortality  under  an  assumption  of  no  management. 


Table  5.   Financial  maturity  of  black  walnut  for  two 

interplanting  treatments. 


PRESENT 

VALUE  OF 

ESTIMATED 

BLACK  WALNUT  GROWING  STOCK 

Stand 

B] 

4r 

Lack  Alder  

Autumn  01: 

ive 

Aqe 

6% 

8^ 

4^ 

6^ 

8% 

(yrs) 

($/ac) 

($/ac) 

($/ac) 

($/ac) 

($/ac) 

($/ac) 

33 

215 

115 

62 

36 

232 

117 

60 

39 

v^ 

244 

116 

56 

42 

105 

47 

22^ 

254 

175^ 

75^ 

45 

110 

47 

20 

412 

48 

113 

45 

18 

411 

165 

67 

51 

111 

42 

16 

407 

154 

59 

54 

111 

57^ 

14 

400 

143 

52 

57 

167 

19 

491 

166 

57 

60 

164 

52 

17 

482 

154 

50 

63 

160 

48 

15 

477 

144 

44 

66 

154 

44 

13 

454 

129 

38 

69 

144^ 
174^ 

39 

11 

486 

131 

36 

72 

44 

11 

468 

119 

31 

75 

165 

40 

10 

440^ 
495^ 

106 

26 

78 

153 

35 

8 

112 

26 

80 

156 

34 

8 

466 

101 

23 

^  Real  discount  rate  used  in  present  value  calculations. 
Maximum  present  value;  identifies  point  of  financial 
maturity  for  a  single  rotation. 
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Fig.  1.   Estimated  diameter  at  breast  height  for  black  walnut 
by  stand  age  and  treatment  under  four  methods  of  projection: 
Twigs  (ver.  3.0);  Ferell  and  Lundgren  (F&L)  (1976X;  a  con- 


stant growth  rate;  and  a  linear  projection  of  dbh 
equals  12  x  32-ft.  for  black  walnut. 
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Fig.    1.       (continued) 
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Fig.    1.       (continued) 
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Fig.  2.   Diameter  at  breast  height  for  black  walnut  by  stand 
age  and  treatment  estimated  by  a  linear  projection  of  dbh^. 
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Fig.  3.   Current  value  of  black  walnut  growing  stock  by  stand 

age  and  treatment. 
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INTRODUCTION:   Soil  variability  is  a  major  problem  in 
estimating  nutrient  and  other  elemental  pools  in  forest 
ecosystems  (McFee  and  Stone,  1965;  Lloyd  and  McKee,  1983;  McNabb 
et  al . ,  1986).   Variability  may  be  due  to  microtopographic 
factors,  windthrow,  seasonal  changes,  vegetation,  litter 
deposition  patterns,  or  other  factors.   Often  when  conducting 
research,  only  one  or  a  few  plots  are  selected  to  represent  large 
areas.   Researchers  often  wish  to  then  extrapolate  results  to 
larger  areas,  based  on  minimal  data. 

Recent  studies  have  attempted  to  use  stratified  random 
samples  to  characterize  entire  watersheds  (Fuller  et  al . ,  1987; 
^     Huntington  et  al . ,  1988;  Mitchell  et  al . ,  1989).   This  requires 
extensive  sampling,  personnel,  time,  and  money.   Even  this  type 
of  sampling  only  examines  soils  at  one  point  in  time,  however. 
Peterson  and  Rolfe  (1982)  and  Haines  and  Cleveland  (1981)  have 
shown  that  extensive  seasonal  changes  can  occur  in  forest  soils 
as  well. 

In  previous  work  at  Allerton  Park,  Bartel-Ortiz  and  David 
(1988)  examined  sulfur  constituents  at  one  upland  and  one 
floodplain  site,  each  0.1  ha  in  size.   Samples  were  collected 
randomly  (from  random  five  points  within  a  20  m  by  20  m  grid) 
during  each  season  of  a  one  year  period.   Few  seasonal  changes 
were  observed  for  the  sulfur  constituents  measured. 

Because  the  earlier  sulfur  work  was  only  conducted  at  one 
plot  in  each  ecosystem  type,  we  examined  the  spatial  variation  in 
sulfur  in  the  area  of  Allerton  Park  near  the  previously  studied 
upland  site.   The  objective  of  the  study  was  to  determine  the 
concentration  of  sulfur  and  bulk  density  in  a  transect  across  the 
upland  at  Allerton  Park,  examining  soil  variability. 
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Research  Assistant,  Department  of  Forestry,  University  of 
Illinois,  Urbana-Champaign.   This  project  was  supported  by 
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METHODS:   All  work  was  conducted  at  Robert  Allerton  Park, 
located  near  Monticello  in  east-central  Illinois.   The  upland 
plots  were  located  in  a  mixed  oak  forest,  dominated  by  black  oak 
(Ouercus  velutina  Lam.)  and  northern  red  oak  {Q^   rubra  L.) . 
Soils  were  Alfisols,  with  relatively  acid  mineral  horizons  (pH 
3.70  -  4.50)  and  low  levels  of  extractable  sulfate  (Bartel-Ortiz 
and  David,  1988) .   For  further  details  on  the  area  see  Peterson 
and  Rolfe  (1982)  or  Bartel-Ortiz  and  David  (1988) . 

On  6  April  1989,  a  500  m  transect  was  laid  out  with  plots 
established  every  100  m,  starting  at  0  m.   The  0  m  plot  was  the 
same  as  the  study  site  used  by  Bartel-Ortiz  and  David  (1988)  . 
Soil  samples  were  collected  at  two  depths  (0-10  and  10-30  cm)  at 
four  points  on  a  2  m  radius  circle  established  on  the  center  of 
each  plot.   These  depths  were  the  same  used  by  Bartel-Ortiz  and 
David  (1988)  .   The  points  were  established  90^  apart  on  the 
circle.   A  1.9  cm  diameter  soil  corer  was  used  to  collect  the 
samples,  with  each  core  quantitatively  removed  from  the  corer  to 
determine  bulk  density.   A  total  of  48  soil  samples  were 
collected.   Diameter  at  breast  height  of  each  tree  >  5  cm  was 
also  measured  in  a  5.6  m  radius  circle  to  calculate  basal  area 
(100  m2) . 

Bulk  density  was  calculated  using  %  moisture  and  wet  mass  of 
soil.   Soil  moisture  was  determined  by  oven-drying  subsamples  at 
105°  C  for  48  h.   The  oven-dried  soil  was  ground  to  pass  a  40 
mesh  sieve  and  total  S  determined  by  dry  combustion  using  a  LECO 
SC-132  S  analyzer  (David  et  al.,  1989).   Elevation  was  estimated 
from  topographic  maps  of  the  area.   Data  was  analyzed  using  ANOVA 
techniques  and  Tukey's  test  for  mean  separations  at  the  0.05 
level . 

RESULTS  AND  DISCUSSION:   Mean  total  S  values  ranged  from 
227-293  and  109-127  in  the  0-10  and  10-30  cm  depth  of  soil, 
respectively  (Fig.  1) .   There  were  no  significant  differences  (p 
>  0.05)  among  the  plots  for  total  S,  and  variability  was  less  in 
the  10-30  cm  depth.   Mean  values  from  Bartel-Ortiz  and  David 
(1988) ,  based  on  20  samples  (5  from  each  season)  from  an  area 
that  included  plot  1,  were  in  the  middle  of  the  range  from  the 
six  transect  plots.   These  data  suggest  that  the  plot  used  by 
Bartel-Ortiz  and  David  (1988)  was  typical  with  respect  to  total  S 
in  the  surrounding  area. 

Percent  moisture  was  also  uniform  in  each  soil  depth  along 
the  transect  (Fig.  2) .   The  range  was  30-39%  and  22-29%  in  the  0- 
10  and  10-30  cm  depth  of  soil,  respectively.   Although  there  were 
some  significant  differences  (p  <  0.05)  in  the  10-30  cm  depth  for 
this  parameter,  no  practical  differences  were  observed. 

Bulk  density  was  relatively  consistent,  ranging  from  0.91- 
1.11  and  1.26-1.43  g  cm"^  in  the  0-10  and  10-30  cm  depths, 
respectively  (Fig.  3) .   Bartel-Ortiz  and  David  (1988)  found 
higher  bulk  densities  than  any  of  the  samples  collected  in  the 
present  study.   This  may  have  resulted  from  a  different  method  of 


estimating  bulk  density,  because  Bartel-Ortiz  and  David  (1988) 
used  a  ring  sampler  on  pit  faces.   Another  factor  may  have  been 
season,  with  the  other  study  determining  bulk  density  in  August. 
Haines  and  Cleveland  (1981)  observed  substantial  variation  in 
bulk  densities  as  a  result  of  season  in  southeastern  forest 
soils,  with  much  lower  levels  in  May  compared  to  the  rest  of  the 
year.   They  provided  no  explanation  for  this  decrease,  but  did 
recommend  not  determining  bulk  density  at  this  time  of  year. 

Basal  areas  and  estimated  elevations  showed  no  relationship 
with  total  S,  bulk  density,  or  %  moisture  (Table  1) .   Plot  4 
basal  area  was  elevated  because  of  the  influence  of  one  large 
white  oak  (Ouercus  alba  L.)  on  the  small  sample  plot  (100  m^) . 

To  further  assess  within  plot  versus  overall  soil 
variability,  relative  standard  deviation's  (RSD's)  were 
calculated  for  each  depth  by  plot  (mean  of  six  plots)  and  for  all 
24  samples,  ignoring  plots  (Table  2).   For  total  S,  RSD's  were 
the  same  within  plots  as  for  all  samples  taken  together.   This 
indicates  that  variability  for  this  parameter  was  as  great  over 
the  entire  transect  as  within  a  plot.   In  other  words, 
variability  would  be  expected  to  be  the  same  if  the  24  samples 
were  randomly  collected  in  the  area,  without  respect  to  plots. 
The  transect/plot  design  did  not  help  to  reduce  the  variability. 

For  moisture  and  bulk  density,  variability  was  less  within 
plots  compared  to  all  samples  taken  together  (Table  2) .   For 
example,  the  mean  RSD  for  %  moisture  by  each  plot  at  the  10-30  cm 
depth  was  6.7%,  whereas  it  was  11.1%  for  all  24  samples  at  this 
depth.   These  reductions  in  variation  were  generally  small, 
however. 

CONCLUSIONS:   Variability  was  assessed  by  collecting  soil 
samples  along  a  500  m  transect  in  the  upland  forest  at  Allerton 
Park.   Total  S,  %  moisture,  and  bulk  density  were  relatively 
uniform  compared  to  previous  work  on  various  forest  soil 
parameters  by  other  researchers.   Mean  total  S  reported  by 
Bartel-Ortiz  and  David  (1988)  compared  favorably  to  values  along 
the  transect  found  in  this  study. 

The  relatively  small  amount  of  variability  observed,  with 
respect  to  forest  soils  in  general,  may  have  been  due  to  the 
parameters  measured  and  the  type  of  soil.   Parameters  such  as 
nitrate  or  exchangeable  potassium  would  be  expected  to  be  more 
variable  because  of  the  importance  of  tree  uptake,  which  would 
have  a  smaller  effect  on  total  S  or  bulk  density.   Moisture  may 
have  been  uniform  because  of  heavy  rains  a  few  days  before 
sampling,  leaving  the  soils  close  to  field  capacity. 
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Table  1.   Basal  areas  (DBH  >  5  cm)  and  estimated  elevations  for 
each  plot  along  a  500  m  transect  at  Allerton  Park, 
Illinois. 


Plot  Basal  Area 

(m^  100  m"2) 


1  0.30 

2  0.22 

3  0.23 

4  0.84 

5  0.17 

6  0.22 


Elevation 

(m) 

203 

199 

201 

203 

204 

204 

Table  2.   Mean  relative  standard  deviation's  for  all  samples  and      M 
for  each  plot  (n=6)  by  soil  depth  along  a  500  m  t 

transect  at  Allerton  Park,  Illinois. 


Parameter  All  samples Bv  plot 

RSD  (%) 

0-10  cm 

Total  S  -                  21.8  20.9 

Moisture  15.4  13.3 

Bulk  density  11.6  9.4 

10-30  cm 

Total  S  12.9  12.0 

Moisture  11.1  6.7 

Bulk  density  5.5  3.9 


/, 


400 


300- 


< 
o 


Fig.  1.   Mean  total  S  concentrations  in  two  soil  depths  from 
six  plots  sampled  at  Allerton  Park  on  6  April  1989 
(with  standard  deviations) ,  with  mean  value  from 
Bartel-Ortiz  and  David  (1988)  for  comparison 
(indicated  as  P) . 
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Fig.  2.   Mean  %  moisture  in  two  soil  depths  from  six  plots 
sampled  at  Allerton  Park  on  6  April  1989  (with 
standard  deviations) . 
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Mean  bulk  densities  in  two  soil  depths  from  six 
plots  sampled  at  Allerton  Park  on  6  April  1989 
(with  standard  deviations) ,    with  mean  value  from 
Bartel-Oritz  and  David  (1988)  for  comparison 
(indicated  as  P) . 
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Part  I 
Management  and  Silvicultural  Considerations 

Introduction 

Excessive  soil  erosion  on  marginal  croplands  (USDA  1989)  and 
society's  desire  to  enhance  future  supplies  of  high-quality  hardwood  (i.e., 
temperate-deciduous  angiosperm)  timber  have  renewed  interest  in  the  joint 
production  of  trees  and  agriculture  crops  in  Illinois  and  the  central 
states,  USA.   Designed  properly  on  suitable  sites,  benefits  from 
agroforestry  include  land  conservation,  improved  overall  economic  returns 
(Gold  and  Hanover  1987),  and  the  opportunity  to  increase  timber  supply. 
Costs  of  plantation  establishment  can  usually  be  offset  by  the  early 
financial  returns  from  the  agriculture  crop.   Agriculture  tillage, 
fertilizer,  and  weeding  also  benefit  the  tree  crop  (Gold  and  Hanover  1987), 
in  return,  the  young  trees  in  a  multicrop  system  often  serve  as  windbreaks 
or  shield  agriculture  crops  that  benefit  from  partial  shade  (Jackson  1987). 
Additional  agroforestry  benefits  include  easier  stand  access,  reduced  fire 
risk,  and  the  potential  of  bringing  producing  areas  closer  to  processing 
facilities  and  markets  (Gold  and  Hanover  1987). 

Agroforestry  in  the  central  United  States  usually  means  multicropping 
(i.e.,  alternating  rows  of  trees  with  strips  of  field  crops).   The 
silvicultural  and  economic  relationships  of  integrated  forestry-farming 
with  black  walnut  in  Indiana  have  been  reported  by  Callahan  and  Smith 
(1974)  and  in  Missouri  by  Garrett,  et  al.  (1978),  Kincaid  (1982),  Garrett 
and  Kurtz  (1983),  and  Thurman  (1989).   The  general  conclusions  from  these 
studies  were  that  black  walnut  multicropping  management  systems  are  an 
economically  viable  land  use  alternative,  and  that  financial  return  is 
directly  related  to  degree  of  management  intensity.   The  incorporation  of 
black  walnut  nut  production  contributed  substantially  to  overall 
profitability  (Kurtz  1989). 

One  purpose  of  this  paper  is  to  describe  the  integrated  agroforestry, 
multicropping  management  systems  designed  and  developed  by  Lottes  (1985) 
for  Illinois.   Particular  attention  is  focused  on  ameliorating  soil  erosion 
on  marginal  agricultural  lands.   Modeled  management  combinations  are  based 
on  five  timber  species,  three  site  indices,  three  timber;^^Oy^"5v'f?£aUlR3i^^ive 
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agricultural  crops,  all  common  crop  rotations,  and  three  tillage  systems. 
Important  model  assumptions  and  estimates  are  discussed. 


General  Management  Context 

The  hypothesis  on  which  the  integrated  multicropping  systems  are 
based  is  that  agroforestry  will  improve  overall  economic  returns  while 
reducing  soil  erosion  on  marginal  agricultural  lands  in  Illinois  and  the 
central  states.   The  primary  management  objective  is  the  maximization  of 
net  revenue  from  the  simultaneous  production  of  high-quality  hardwood  and 
agriculture  crops  subject  to  meeting  the  State  of  Illinois'  voluntary  soil 
loss  tolerance  level.   This  soil  loss  tolerance  or  "T"  level  varies  by  soil 
type  and  is  set  by  the  State  in  cooperation  with  the  USDA  Soil  Conservation 
Service. 

The  majority  of  marginal  agricultural  lands  in  Illinois  are 
concentrated  in  the  northern  and  southern  sections  of  the  State.   Three 
sites  of  varying  quality  were  selected  from  each  section  as  representative 
of  marginal  farm  land  (Table  1).   For  each  site,  rows  of  trees  modeled  at  a 
10x40-foot  spacing  are  assumed  to  be  planted  on  the  contour  with  space 
available  for  a  30-foot  strip  of  field  crops  between  each  row  (Figure  1). 
It  is  assumed  that  the  10-foot  buffer  strips  containing  the  tree  rows 
including  a  suitable  ground  cover  are  sufficient  to  breakup  the  slope 
length  into  shorter  intervals  between  the  runoff  barriers.   This  is  a 
critical  assumption  and  input  parameter  into  the  Universal  Soil  Loss 
Ecpjation  (USLE)  for  determining  the  level  of  soil  erosion  losses  (Walker 
and  Pope  1983) . 


Specific  Management  Context 

To  develop  specific  multicropping  management  systems,  it  became 
necessary  to  make  many  additional  assumptions  regarding  species  selection, 
growth  and  yield,  the  type  and  timing  of  management  activities,  production 
costs,  and  product  prices.   Given  the  primary  management  objective  of 
maximizing  net  revenue,  agroforestry  systems  were  modeled  to  simulate 
feasible  and  potentially  attractive  land-use  alternatives  for  Illinois 
landowners.   The  development  and  basis  for  these  assumptions  are  described 
below. 

Species 

Five  timber  species  were  chosen  for  evaluation:  eastern  black  walnut 
(Juqlans  nigra  L.) ,  red  (Quercus  rubra  L. )  and  white  oak  (Quercus  alba  L. ) , 
yellow  poplar  (Liriodendron  tulipifera  L.) ,  and  white  pine  (Pinus  strobus 
L. ) .   Based  on  Carmean  and  Hahn  (1983),  comparable  site  indices  for  each 
species  were  determined  (Table  2).   Because  of  poor  stumpage  markets  within 
Illinois  and  a  failure  to  exhibit  superior  simulated  growth  and  volume, 
yellow  poplar  and  white  pine  were  dropped  from  further  analysis.   The 
remaining  higher  valued  and,  therefore,  dominate  species  (eastern  black 
walnut,  red  or  white  oak)  were  individually  selected  to  form  the  timber 
component  of  the  multicropping  systems.   Of  these  three  species,  black 
walnut  has  an  additional  advantage  due  to  its  relatively  short  growing 


period  and  because  the  light  shade  produced  by  its  sparse  foliage  provides 
adequate  sunlight  for  most  interplanted  crops  (Kurtz  and  Bliss  1989).   The 
agriculture  component  consisted  of  crop  rotations  common  to  the  northern 
and  southern  sections  of  Illinois.   Corn  (i.e.,  maize),  soybeans,  wheat, 
oats,  and  alfalfa  or  red  clover  are  the  major  field  crops  planted. 

Stand  Establishment 

Initial  site  preparation  followed  standard  agricultural  practices. 
These  costs  were  charged  to  the  agriculture  component  of  the  agroforestry 
system.   Seedlings  (18  to  24  inches  tall)  are  assumed  to  be  machine  planted 
on  the  contour  and  down  the  center  of  a  ten-foot  buffer  strip  at  a  spacing 
of  10x40-feet  (108  trees  per  acre).   A  ground  cover  is  planted  within  the 
buffer  strip  to  control  soil  erosion.   A  recommended  ground  cover  for 
plantations  is  hairy  vetch  that  has  the  ability  to  fix  nitrogen  and 
potential  to  increase  tree  growth  (Van  Sambeek  and  Rietveld  1981)  since 
nitrogen  is  often  the  limiting  growth  factor  for  central  states  hardwoods 
(Neely  and  Himelick  1988).   Hairy  vetch  has  the  added  advantage  of  being  a 
cool-season  annual  that  is  dormant  during  the  warm  season  competing  less 
for  water  and  nutrients  during  the  tree  crops'  critical  growth  period.   The 
buffer  strip  also  is  expected  to  reduce  physical  interference  between  the 
forestry  and  agriculture  operations. 

Satisfactory  weed  control  is  also  important  for  promoting  significant 
increases  in  growth  and  survival  in  hardwood  plantations  (Erdmann  1967; 
Athen  1971).   Good  weed  control  starts  before  planting  by  applying  a  non- 
selective herbicide  (e.g.,  glyphosphate)  to  kill  existing  vegetation. 
After  planting,  pre-emergent  herbicides  (e.g.,  simazine  and  oxyzalen)  are 
recommended  (Williams  1985)  to  be  sprayed  in  a  narrow  band  along  the  base 
of  the  trees  to  control  herbaceous  vegetation  immediately  around  the 
seedlings  during  the  critical  years  of  establishment  (Bey  and  Williams 
1976) . 

A  30-foot  strip  between  the  tree  rows  is  available  for  agriculture 
production  activities.   Under  this  scheme,  25  percent  of  the  area  is 
covered  by  buffer  strips  and  trees,  the  remaining  75  percent  is  devoted  to 
producing  row  crops  or  hay.   Variations  in  these  percentages  may  occur  in 
practice  because  of  differences  in  farm  equipment  sizes.   Equipment  sizes 
used  in  this  study  represent  the  machinery  and  machinery  compliments  most 
commonly  found  on  farms  of  average  size  in  northern  and  southern  Illinois. 

Agriculture  tillage  is  modeled  as  either  up  slope  (i.e.,  vertically) 
or  on  the  contour.   Tillage  operations  were  defined  with  respect  to 
percentage  of  residue  cover  left  on  the  ground  after  all  tillage  operations 
are  completed,  and  consisted  of:  conventional  tillage  (less  than  10  percent 
residue  cover  remaining),  minimum  tillage  (35  to  45  percent),  and  no-till 
or  conservation  tillage  (greater  than  90  percent). 

Intermediate  Management  Activities 

Chemical  weed  control  in  the  immediate  area  surrounding  the  trees  is 
continued  for  five  years  beyond  establishment.   In  addition,  weed  control 
is  carried  out  in  the  area  between  the  buffer  strips  during  the  period  of 
agriculture  production  as  part  of  the  regular  management  program. 


Maintenance  levels  for  the  expected  crop  yields,  assuming  high  intensity 
management,  were  used  to  set  fertilizer  requirements  and  other  inputs  for 
the  agriculture  component  near  those  required  for  maximum  profit  with 
current  technology  (Fehrenbacher,  et  al.  1978). 

The  wide  tree  spacing  eliminated  the  need  for  pre-commercial 
thinnings.   However,  this  wide  spacing  created  a  need  for  corrective  and 
lateral  prunings  to  ensure  optimal  tree  growth  and  form  characteristics. 
Corrective  prunings,  scheduled  in  the  second  and  fourth  years,  help  train 
seedlings  in  early  stages  of  development  to  produce  a  single  straight 
leader  (Bey  1973;  Schlesinger  and  Funk  1977).   Lateral  (ice.,  bole  or 
clear-length)  pruning  is  necessary  to  develop  merchantable  logs  free  of 
side  branches  and  defects  (Table  3).   Bole  pruning  is  recommended  to  be 
done  in  two  stages  and  early  in  the  timber  rotation  to  allow  pruning  wounds 
to  heal  cleanly  and  reduce  the  chance  of  decay  and  insect  infestation 
(Schlesinger  1982).   It  is  assumed  that  this  pruning  schedule  will  produce 
at  least  one  16-foot,  defect  free  butt  log.   Pruning  higher  than  17  feet 
was  found  to  be  uneconomical  (Callahan  and  Smith  1974).   Epicormic 
branching,  a  possible  problem  especially  with  the  oaks,  must  be  monitored 
to  ensure  effective  pruning. 

Growth  and  Yield 

Three  constant,  annual  dbh  (diameter  at  breast  height)  growth  rates 
were  estimated  for  each  timber  species  and  site  quality  combination.   Lower 
bound  estimates  were  derived  from  the  central  states  version  of  TWIGS  (The 
Woodman's  Ideal  Growth  Projection  System);  a  growth  and  yield  model  for 
natural  stands  developed  by  the  U.S.  Forest  Service  (Belcher  1982;  Walters 
1983;  Shifley  1987).   To  reflect  intensive  plantation  management,  upper 
bound  estimates  were  set  at  the  most  optimistic  rates  thought  feasible  for 
each  species  and  site.   These  assumptions  resulted  in  dbh  growth  rates  of 
0.14  to  0.27  inches  per  year  (low  site),  0.16  to  0.34  inches  per  year 
(medium  site),  and  0.17  to  0.49  inches  per  year  (high  site).   The  third  or 
medium  growth  rate  assumption  represented  the  midpoint  of  the  above  ranges. 

Commercial  thinnings  were  based  on  stand  density  as  measured  by  the 
crown  competition  factor  (CCF)  developed  by  Krajicek,  Brinkman,  and 
Gringrich  (1961)  and  Krajicek  (1967).   CCF  is  based  on  the  crown  growth  of 
open  grown  trees  and,  thus,  is  representative  of  the  growing  conditions 
modeled  in  the  agroforestry  systems.   A  CCF  of  100  means  that  the  crowns  of 
adjacent  trees  are  just  touching.   As  thinning  guidelines,  upper  and  lower 
CCF  limits  were  set  at  110  and  70,  respectively  (Table  4),  to  promote  the 
production  of  high  quality  logs  (USDA  Forest  Service  1981).   CCF  is  allowed 
to  exceed  110  only  if  the  interval  between  the  planned  thinning  and  final 
harvest  is  less  than  10  years. 

Two  adjustments  to  estimated  diameter  growth  of  black  walnut  were 
possible  because  of  more  extensive  research  information  for  this  species. 
The  first  adjustment  increased  dbh  growth  to  reflect  diameter  gains  through 
thinning  (Funk,  Schlesinger,  and  Polk  1978).   This  resulted  in  a  selection 
gain  of  1.8  inches  in  dbh  over  the  rotation.   The  second  adjustment 
decreased  diameter  growth  8  percent  for  every  10  CCF  points  above  a  CCF 
level  of  82  (Schlesinger  1985). 


Thinning  and  final  timber  harvest  yields  (e.g..  Tables  5,  6,    and  7) 
were  estimated  by  TWIGS  based  on  the  primary  inputs  of  species,  dbh,  and 
site  index.   Trees  with  a  dbh  between  5  to  11  inches  are  considered 
commercially  valuable  as  either  firewood  or  pulpwood,  depending  on  species 
and  demand.   Trees  greater  than  11  inches  in  dbh  are  assumed  merchantable 
as  sawtimber.   Sawtimber  is  allocated  by  grade  (Table  8)  based  on  Dale  and 
Brisbin  (1985),  Myers,  et  al.  (1986),  and  Trimble  (1965).   Assuming 
satisfactory  growth  rates,  a  tree  spacing  of  40x40  feet  or  27  trees  per 
acre  is  the  stocking  goal  at  final  harvest.   Black  walnut  deviated  slightly 
from  this  goal  because  of  the  growth  adjustments  discussed  earlier  and  its 
large  crown  characteristics. 

County  soil  surveys  and  current  research  statistics  (U.  Illinois 
1984)  were  used  to  establish  initial  per  acre  agronomic  yields  and  soil 
profile  for  each  soil  type.   Crop  yields  were  adjusted  for  slope  and 
current  state  of  erosion  assuming  high  intensity  management  (Fehrenbacher, 
et  al.  1978) .   Benefits  from  reducing  sheet  and  rill  soil  erosion  through 
the  use  of  buffer  strips  were  modeled  thr^ough  SOILEC — a  computerized,  long- 
run  simulation  model  designed  to  estimate  the  effects  of  soil  conservation 
on  crop  yields  and  economic  return  given  specified  climatic, " site,  crop 
rotation,  and  tillage  system  combinations  (Eleveld,  et  al.  1983;  Johnson, 
et  al..  1989).   Inputs  to  SOILEC  include  soil  type  and  depth,  base  yields 
(Table  9),  selected  production  costs  from  the  USDA  Soil  Conservation 
Service's  (SCS's)  crop  budget  generator  (USDA  Soil  Conservation  Service 
1977),  and  USLE  parameters  (Wisehmeier  and  Smith  1965;  Walker  and  Pope 
1983).   Assumptions  (Garrett  1985)  regarding  the  effects  of  tree 
competition  were  used  to  further  reduced  agriculture  yields  as  well  as  to 
establish  the  expected  period  of  production  (Table  10). 


Discussion  and  Summary 

The  integration  of  timber  and  agronomic  crops  increase  the  complexity 
of  estimating  expected  outcomes.   This  complexity  arises,  in  part,  from 
possible  synergistic,  alleopathic,  or  microclimatic  effects  between  the 
timber  and  agriculture  crops.   The  degree  of  this  technical  interdependence 
varies  by  site;  crop  species;  level,  type,  and  frequency  of  production 
inputs;  and  management  goals.   Therefore,  the  degree  of  specificity  used  to 
describe  an  agroforestry  system  must  be  sufficient  if  the  proper  context 
and  information  are  to  be  provided.   The  agroforestry  management  system 
documented  here  (Table  11)  outlines  recommended  managerial  inputs  and 
associated  outputs  expected  from  practicing  multicropping  in  Illinois  and 
the  central  states.   Variations  in  the  timing  of  certain  activities  reflect 
differences  in  site,  species,  growth  rate,  and  rotation  age. 

Black  walnut,  combined  with  agriculture  crop  production,  is  used  to 
illustrate  a  specific  multicropping  alternative  (Table  11).   A  medium- 
quality  site  in  northern  Illinois,  medium  timber  growth  rate,  and  70-year 
rotation  are  assumed.   Initial  periodic  management  activities  include  site 
preparation,  ground  cover  establishment,  tree  planting,  and  weed  control. 
Corrective  pruning  is  scheduled  for  years  2  and  4,  and  bole  pruning  is 
planned  for  years  8  and  18.   Because  of  the  expected  timber  growth  rate, 
only  one  commercial  thinning  is  scheduled  at  year  44.   The  final  harvest  is 
planned  for  year  70.   Annual  expenses  include  weed  control  during  the  first 


five  years  as  well  as  management  costs  throughout  the  entire  rotation. 
Agriculture  crop  production  is  assumed  to  be  economically  feasible  during 
the  first  nine  years. 

The  assumptions  that  underlie  development  of  the  above  agroforestry 
regimes  critically  affect  expectations  and,  thus,  overall  performance.   In 
addition,  the  probability  of  achieving  an  expected  outcome  depends,  in 
part,  on  how  reasonable  the  assumption  models  reality.   The  three  most 
basic,  and  perhaps  most  important,  assumptions  used  here  relate  to  (1)  the 
basic  structure  of  the  multicropping  system,  (2)  the  rates  of  annual  dbh 
growth,  and  (3)  the  period  of  agriculture  production  including  yield 
reductions  due  to  tree  competition. 

The  wide  spacings  assumed  for  the  tree  plantings  pose  problems  with 
respect  to  stem  straightness  and  quality.   It  is  assumed  that  corrective 
and  lateral  prunings  will  compensate  for  the  natural  training  and  pruning 
which  could  be  derived  from  higher  stocking  levels.   Recently,  this 
assumption  has  been  qiiestioned  for  black  walnut  growing  on  less  than  ideal 
sites  (Kurtz  1989).   Closer  spacings  may  be  advisable  to  ensure  high 
quality  crop  trees.   One  way  to  accomplish  this  is  to  plant  nitrogen-fixing 
nurse  trees  or  shrubs  in  the  buffer  strip  to  train  and  naturally  prune  crop 
trees  as  well  as  to  provide  additional  nitrogen  for  increased  growth 
(Campbell  and  Dawson  1989).   Another  alternative  is  to  plant  pine  between 
the  walnut  for  later  removal  as  Christmas  trees  or  pulpwood,  or  to  simply 
plant  more  walnut  trees  per  unit  area. 

Because  growth  and  yield  information  is  quite  limited  for  hardwood 
plantations,  especially  for  wider  spacings,  annual  dbh  growth  was  projected 
as  an  average,  constant  rate.   As  a  result,  yield  estimates  may  be 
understated  early  in  the  rotation,  but  overstated  at  the  end  of  the 
rotation.   It  may  be  better  to  estimate  dbh  growth  based  on  a  linear 
projection  of  dbh  squared  (Campbell  and  Dawson  1989).   This  method  gives  a 
more  realistic  dbh  growth  curve,  increasing  over  time  at  a  decreasing  rate. 

TWIGS  was  used  to  determine  harvest  volumes  based  on  site  index, 
species,  and  estimated  dbh.   Another  option  would  be  to  use  an  alternative 
volume  equation,  say  from  Ferell  and  Lundgren  (1976),  to  estimate  tree 
volume.   Which  equation,  and  resulting  volume  estimate,  is  best  depends  on 
the  specific  conditions  and  management  strategy  under  consideration. 

The  influence  of  trees  within  the  agroforestry  system  on  agriculture 
production  depends  on  site  quality,  tree  spacing,  expected  timber  growth, 
branching  habit,  climatic  conditions,  shade  tolerance  of  the  agriculture 
crop,  and  other  possible  technical  interactions.   Assumptions  used  here 
were  obtained  from  experience  gained  in  Missouri  (Garrett  1985)  and 
critically  affect  total  performance  since  returns  from  the  agriculture 
component  occur  early  in  the  rotation  and  are  expected  to  be  significant. 
Therefore,  these  estimates  should  be  given  close  attention. 

Nut  crops  from  black  walnut  trees,  while  not  included  here,  also  have 
been  shown  to  contribute  substantially  to  the  total  return  expected  from 
agroforestry  systems  (Garrett  and  Kurtz  1981;  Kurtz  1989;  Thurman  1989). 
In  addition,  it  may  be  possible  to  double-crop  the  area  between  the  tree 
rows  to  increase  total  productivity  early  in  the  rotation,  and  then  to 


graze  the  area  later  in  the  rotation  once  row  crop  production  becomes 
uneconomical  and  the  trees  are  no  longer  in  danger  of  being  damaged  by 
livestock.   Mixed  plantings  may  also  be  considered  for  the  timber  crop  to 
lower  biological  and  market  risk  through  diversification. 

Agroforestry  is  not  a  new  concept.   What  is  new  in  the  central  United 
States  are  the  conditions  under  which  agroforestry  has  gained  renewed 
interest.   These  conditions  are:  (1)  increasing  concerns  regarding  soil 
conservation  and  ground  water  pollution,  (2)  the  need  to  find  alternatives 
for  using  marginal  farm  lands  more  productively  and  efficiently,  and  (3) 
the  need  to  ensure  future  supplies  of  high-quality  hardwoods.   This  paper 
has  documented  the  development  of  a  hypothetical  agroforestry  management 
system  to  illustrate  the  complexities  of  jointly  producing  trees  and 
agriculture  crops.   These  models  show  that  agroforestry  may  be  a  feasible 
and  potentially  attractive  land-use  for  rural  landowners  in  Illinois  and 
the  central  states  to  simultaneously  increase  over-all  economic  return  and 
soil  conservation  on  marginal  farm  land. 


Part  II 
Economic  Considerations 

Introduction 

In  Part  I,  agroforestry  (i.e.,  multicropping)  was  determined  to  be  a 
feasible  and  potentially  attractive  land-use  for  owners  of  marginal 
agricultural  land  in  Illinois  and  the  central  states.   For  these  marginal 
lands,  agroforestry  promises  increased  total  financial  return  and 
amelioration  of  soil  erosion.   How  good  are  these  promises  when  judged  by 
current  and  expected  economic  conditions,  and  compared  against  current 
land-use  practices?   The  second  purpose  of  this  paper  is  to  evaluate  the 
economic  attractiveness  of  practicing  agroforestry  on  marginal  agricultural 
land  in  Illinois,  and  to  compare  the  financial  return  expected  from  these 
practices  with  those  expected  from  traditional  agriculture.   The  benefits 
of  agroforestry  attributed  to  reduced  soil  erosion  are  also  discussed. 


Methods 

Part  I  presented  a  set  of  agroforestry  systems  modeled  by  Lottes 
(1985)  for  conditions  found  in  Illinois  and  the  central  United  States. 
Development  of  the  agroforestry  regimes  followed  the  typical  land  use 
planning  process  as  described  by  Betters  (1988):  (1)  set  management 
objectives;  (2)  design  system  and  define  responses;  and  (3)  perform  system 
analysis,  decision,  and  feedback  (Figure  2).   Development  of  the 
agroforestry  models  also  was  consistent  with  the  micro-scale  diagnosis  and 
design  methods  and  applications  described  by  Raintree  (1987).   Modeled 
management  combinations  were  based  on  two  state  locations,  six  "marginal 
agriculture"  representative  soil  types,  five  timber  species,  three  timber 
site  indices  and  growth  rates,  five  agricultural  crops,  all  common  Illinois 
crop  rotations,  and  three  tillage  systems. 
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The  primary  management  objective  was  the  maximization  of  net  revenue 
from  the  simultaneous  production  of  high-quality  hardwood  and  agriculture 
crops  on  marginal  farm  land.   This  objective  was  to  be  met  without 
exceeding  the  State  of  Illinois'  voluntary  soil  loss  tolerance  "T"  level. 
Black  walnut  ( Juqlans  nigra  L. )  or  red  (Quercus  rubra  L. )    or  white  (Quercus 
alba  L. )  oak  were  assumed  to  be  machine  planted  down  the  center  of  a  10- 
foot  buffer  strip,  on  the  contour,  at  a  spacing  of  10x40  feet.   Alfalfa  or 
row  crop  production  was  planned  for  the  30-foot  strips  between  the  tree 
rows  during  the  early  years  of  the  timber  rotation.   The  buffer  strips  were 
expected  to  be  planted  with  a  suitable  ground  cover  to  control  soil 
erosion. 

Timber  yields  were  estimated  by  the  central  states  version  of  TWIGS 
(The  Woodman's  Ideal  Growth  Projection  System)  (Belcher  1982;  Walters  1983; 
Shifley  1987)  based  on  assumed  timber  growth  rates,  site  index,  and 
species.   Yields  expected  from  the  agriculture  component  were  derived 
through  use  of  the  USDA  Soil  Conservation  Service's  crop  budget  generator 
(USDA  Soil  Conservation  Service  1977)  and  the  SOILEC  model  developed  at  the 
University  of  Illinois  (Eleveld,  et  al.  1983;  Johnson,  et  al.  1989)  based 
on  inputs  from  individual  county  soil  surveys,  the  universal  soil  loss 
equation  (USLE)  parameters,  and  assumed  cropping  and  tillage  systems. 

The  first  two  steps  of  the  planning  process  ended  in  development  of  a 
set  of  agroforestry  management  regimes  (Table  11)  complete  with  planned 
management  activities  and  estimated  yields  (from  Part  I).   The  next  step  is 
to  evaluate  the  economic  consequences  of  the  planned  agroforestry  systems 
and  to  compare  them  with  expectations  from  traditional  agricultural 
practices. 

Estimates  of  timber  management  costs  (Table  12)  were  obtained  from 
the  published  literature  and  conversations  with  knowledgeable  foresters  in 
the  central  states.    These  costs  may  be  significantly  reduced  through 
cost-sharing  incentives  provided  by  the  State  of  Illinois  and  the  federal 
government.   Under  the  Illinois  Forestry  Development  Act  (FDA),  the  State 
will  cost-share  80  percent  of  approved  forest  management  expenses  (Illinois 
Register  1987)  with  up  to  65  percent  of  the  remaining  costs  available  for 
cost-sharing  through  the  federal  forestry  incentives  program  (FIP)  (ASCS 
1988).   Not-to-exceed  limits  apply  to  both  state  and  federal  cost-sharing 
as  well  as  restrictions  related  to  the  frequency  at  which  a  particular 
activity  can  be  repeated  on  the  same  area  and  still  qualify  for  cost- 
sharing. 

To  provide  funding  for  the  State's  cost-share  program,  the  FDA 
requires  that  a  4  percent  harvest  fee  be  assessed  to  the  gross  stumpage 
value  of  all  commercial  timber  harvested  in  Illinois.   Up  to  50  percent  of 
this  harvest  fee  may  be  applied  to  cover  the  costs  of  state  approved  forest 
management  practices  which  the  landowner  undertakes  during  the  following 
two  fiscal  years.   This  is  in  addition  to  the  regular  cost-share 
incentives,  however,  reimbursements  cannot  exceed  100  percent  of  actual 
cost. 

The  present  analysis  incorporates  existing  cost-share  incentives  with 
one  modification:  all  not-to-exceed  limits  are  reduced  to  1/3  the 
established  FDA  and  FIP  values  to  reflect  the  lower  stocking  levels  of  the 


modeled  agroforestry  systems  (Table  12).   Also,  the  land  devoted  to 
agroforestry  is  assumed  eligible  for  classification  as  forest  land  for 
property  tax  purposes  and,  thus,  qualifies  for  reduced  property  tax 
assessment  (Chicoine  and  Scott  1983). 

Agriculture  production  costs  were  determined  by  modifying  existing 
USDA  Soil  Conservation  Service  crop  budgets  to  correspond  to  the  selected 
site,  crop  rotation,  and  tillage  system  combinations  developed  for  the 
agroforestry  and  traditional  agriculture  alternatives.   These  revised  crop 
budgets  provided  two  types  of  information  or  inputs  for  SOILEC:  (1) 
variable  costs  dependent  upon  expected  yields  and  (2)  fixed  costs  inherent 
to  the  assumed  crop  rotation  and  tillage  systems.   Equipment  sizes  used  to 
develop  the  crop  budgets  corresponded  to  machinery  and  machinery 
compliments  most  commonly  found  on  farms  of  average  size  in  northern  and 
southern  Illinois. 

Illinois  agriculture  commodity  prices  (Table  13)  were  averaged  over  a 
4-year  period  to  dampen  the  effects  of  short-term  market  fluctuations  and 
to  provide  a  better  long-term  estimate  for  annual  commodity  prices. 
Statewide  average  stumpage  prices  for  timber  (Table  13)  were  obtained  from 
the  "Illinois  Timber  Prices  Survey"  (Illinois  DOA/DOC  1987).   Stumpage 
prices  were  adjusted  to  reflect  "marked  timber  sales",  as  reported  by  the 
"Survey",  and  apportioned  to  five  different  log-grade  classes  (Herrick 
1956)  based  on  the  current  grade  distribution  prevalent  in  Indiana.   This 
procedure  generated  the  following  set  of  "composite"  prices,  measured  in 
dollars  per  thousand  board  feet  ($/mbf),  by  dbh  (diameter  at  breast  height) 
size  class  for  black  walnut  (BW),  red  oak  (RO) ,  and  white  oak  (WO). 


Composite  Stumpage  Prices 


dbh 

BW 

RO 

WO 

(in) 

($/mbf) 

12 

278 

69 

75 

14 

436 

109 

114 

16 

607 

199 

210 

18 

700 

217 

234 

20 

775 

233 

259 

22 

844 

251 

283 

24 

913 

268 

308 

26 

984 

283 

330 

Both  sets  of  agriculture  and  timber  prices  were  designed  to  correspond  to 
periods  of  relatively  good  demand. 

The  SOILEC  model  was  used  to  derive  net  cash  flow  estimates  for  the 
agriculture  component  of  the  agroforestry  system  and  for  traditional 
agriculture,  the  current  land-use  practice.   A  net  income  stream  was 
estimated  for  six  soil  types  under  a  variety  of  common  crop  rotations  and 
tillage  systems.   These  cash  flows  were  adjusted  within  SOILEC  for  expected 
yield  losses  due  to  soil  erosion.   In  the  case  of  agroforestry,  these  net 
income  streams  (Table  14)  were  also  reduced  to  reflect  the  effects  assumed 
from  tree  competition.   Soil  loss  expected  under  each  alternative. 
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estimated  by  SOILEC,  was  compared  to  the  State's  soil  loss  tolerance  "T" 
level. 

A  land-use  alternative  combining  black  walnut  and  row  crop  production 
is  used  to  illustrate  a  complete  net  income  stream  for  an  example 
agroforestry  management  regime  (Table  15).   Selected  costs  have  been 
decreased  through  cost-sharing  and  reduced  property  tax  assessment. 
Revenues  from  agriculture  crop  production  also  are  reduced  to  reflect  the 
decrease  in  land  availability  resulting  from  use  of  the  10-foot  buffer 
strips.   Timber  revenues  are  based  on  reported  stumpage  prices  (Table  13), 
the  yields  and  percentage  grade  (volume)  distributions  given  in  Part  1,    and 
an  assumed  relative  stumpage  price  increase  of  0.5  percent  per  year.   Based 
on  past  trends  for  high  quality  hardwoods,  this  price  assumption  is  well 
within  historic  rates  of  change  (Campbell  and  White  1989). 

State  and  federal  income  taxes  also  play  an  important  role  with 
respect  to  an  investment's  expected  profitability  or  position  relative  to 
competing  alternatives  (Smith  1987).   For  these  reasons,  expected  cash 
flows  are  adjusted  for  the  effects  of  income  taxation.   With  the  exception 
of  years  in  which  significant  timber  income  is  generated,  the  taxpayer's 
marginal  federal  and  state  income  tax  rates  are  assumed  to  be  15  and  2.5 
percent,  respectively.   These  rates  currently  correspond  to  those 
applicable  to  average  taxable  income  from  Illinois  farms.   The  highest 
federal  marginal  income  tax  rate  used  in  the  analysis  is  33  percent. 

Current  federal  income  tax  laws  also  allow  timber  establishment  costs 
to  be  amortized  over  the  first  seven  calendar  years  in  addition  to  an 
investment  tax  credit  (ITC)  of  10  percent «   All  management  costs,  interest 
charges,  and  property  taxes  are  assumed  to  be  expensable  (i.e.,  deductible) 
from  ordinary  income  in  the  year  in  which  they  occur.   To  validate  this 
assumption,  it  is  assumed  that  the  agroforestry  investment  is  incidental  to 
a  farm  business  and  that  the  owner  materially  participates  in  its 
operation.   The  present  analysis  incorporates  the  above  tax  adjustments  and 
incentives. 

The  decision  criterion  on  which  the  agroforestry  and  traditional 
agriculture  land-use  alternatives  are  evaluated  and  compared  is  net  present 
value  (NPV) .   This  criterion  measures  the  sum  of  discounted  profits  at  a 
specified  rate  of  interest.   This  interest  rate,  used  to  discount  future 
after-tax  cash  flows,  must  also  be  "after-tax"  for  the  analysis  to  be 
correct  (Adams  1977;  DeGarmo,  et  al.  1984;  Smith  1977).   In  addition,  each 
alternative  is  assumed  to  be  repeated  in  perpetuity  to  insure  a  common 
basis  for  investment  life.   This  assumption  sets  the  salvage  value  of  each 
investment  equal  to  the  capitalized  value  of  its  future  net  income  stream. 
Inflation  is  set  equal  to  4  percent. 


Results  and  Discussion 

The  economic  and  financial  attractiveness  of  the  planned  agroforestry 
and  agriculture  alternatives  are  based  on  NPV.   An  implicit  assumption  is 
that  unmodeled  benefits  and  costs  are  equivalent  among  alternatives.   This 
seems  a  fair  assumption  for  comparisons  among  modeled  agroforestry  systems, 
but  may  be  questionable  when  the  comparison  is  between  agroforestry  and 
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traditional  agriculture.   The  validity  of  the  latter  comparison  can  be 
justified  on  two  grounds:  (1)  for  most  private  farm  operators,  the 
generation  of  net  income  is  an  extremely  important  concern  and  (2)  an 
individual  landowner  can  simply  attach  his  or  her  own  value  to  an  important 
unmodeled  benefit  (e.g.,  enhancement  of  aesthetics  or  wildlife  habitat)  or 
cost  (e.g.,  off-site  water  pollution)  when  the  comparison  among 
alternatives  is  made. 

Because  private,  nonindustrial  "marginal"  farm  land  is  the  focus  of 
the  developed  agroforestry  alternatives,  study  results  are  presented  on  an 
after-tax  basis.   However,  with  noted  exceptions,  the  general  results 
discussed  below  are  applicable  to  the  bef ore-tax  situation  as  well.   Keep 
in  mind  that  the  relative  comparisons  are  more  accurate,  and  often  more 
important,  than  the  absolute  values  for  NPV. 

Northern  Illinois 

NPVs  are  presented  for  the  best  agroforestry  and  traditional 
agriculture  alternatives  modeled  for  northern  Illinois  (Table  16).   For 
example,  given  the  objectives  and  assumptions  underlying  model  development, 
the  best  agroforestry  management  system  for  a  medium  site,  assuming  a 
medium  timber  growth  rate  and  nominal  after-tax  discount  rate  of  8.5 
percent,  is  a  combined  black  walnut  and  alfalfa  alternative  under  a  70-year 
timber  rotation.   This  best  timber  rotation  length  generally  decreases  as 
either  the  discount  rate  or  site  quality  increase. 

Due  to  its  relatively  high  stumpage  value  and  assumed  grade  quality, 
black  walnut  dominates  red  and  white  oak  with  respect  to  maximizing  NPV. 
This  is  especially  true  for  the  better  sites  and  at  the  higher  timber 
growth  rate  assumptions.   However,  on  the  poorer  sites  assuming  low  growth 
rates,  red  oak  contributed  more  to  NPV  at  all  specified  rates  of  discount. 
The  main  reason  is  because  of  red  oak's  faster  rate  of  growth  as  simulated 
by  the  TWIGS  model  for  these  poorer  sites.   This  is  consistent  with  what 
one  would  expect  based  on  the  site  requirements  and  growing  characteristics 
of  the  two  species. 

In  northern  Illinois,  based  on  estimated  NPVs  and  assuming  high 
timber  growth  and  low  discount  rates,  agroforestry  is  competitive  with 
traditional  agriculture  only  on  the  better  sites.   One  reason  for  this 
increased  competitiveness  is  that  final  timber  harvest  values  increase  at  a 
much  faster  relative  rate  than  do  returns  from  agriculture  as  site  quality 
increases.   Low  discount  rates  are  needed  in  order  to  preserve  the  present 
value  of  these  higher  timber  value  gains.   Another  reason  for  the  increased 
competitiveness  of  agroforestry  is  that  the  better  site  (modeled  here) 
possesses  steeper  slopes  requiring  costlier  soil  conservation  measures  for 
the  agriculture  alternative. 

It  is  interesting  to  note  that  the  after-tax  competitive  edge  for 
agroforestry  on  the  better  "marginal"  sites  in  northern  Illinois  is 
diminished  on  *a  bef ore-tax  basis.   This  is  because  income  taxation  in  the 
United  States  is  not  "neutral"  and  favors  longer-term  capital  investments, 
like  for  timber,  where  the  benefit  of  deferred  tax  liability  exists 
(Gaffney  1970;  Brinner  1973).   This  is  true  whether  long-term  capital  gains 
are  or  are  not  taxed  at  differential  rates. 
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Overall,  one  reason  for  agriculture's  strong  showing  is  that  the 
northern  Illinois  soil  types  selected  as  "marginal"  exceeded  expectations 
with  respect  to  productivity.   In  fact,  depending  on  the  slope,  the  two 
better  sites  can  be  classified  as  "good"  prime  farm  land  (Fehrenbacher,  et 
al .  1978).   It  is  anticipated  that  agroforestry  will  improve  its  overall 
attractiveness  relative  to  traditional  agriculture  as  soil  productivity 
becomes  more  "marginal". 

Southern  Illinois 

In  southern  Illinois,  agroforestry  is  more  competitive  because  of  the 
poorer  soils  and  higher  erosion  hazard  for  traditional  agriculture  (Table 
17).   For  the  low  and  medium  sites,  no  traditional  agriculture  system  was 
able  to  meet  the  State's  soil  loss  tolerance  "T"  level.   In  addition,  for 
the  high  site,  agroforestry  was  the  superior  land-use  alternative  at  the 
low  discount  rate,  assuming  a  high  timber  growth  rate.   Again,  among 
agroforestry  alternatives,  black  walnut  performed  better  on  the  better 
sites  and  at  the  higher  timber  growth  rates  while  red  oak  was  more 
attractive  on  the  poorer  sites  and  at  the  low  timber  growth  rate. 

The  benefit  of  ameliorating  soil  erosion,  attributed  to  the 
agroforestry  systems,  is  clearly  seen  for  the  medium  site  (Table  17). 
Assuming  the  goal  of  meeting  "T",  the  State's  voluntary  soil  loss  tolerance 
level,  agriculture  production  is  possible  on  this  site  only  within  an 
agroforestry  system.   This  is  a  significant  benefit  given  the  growing 
concerns  of  non-point  source  water  pollution  and  the  desire  to  develop  low 
input,  sustainable  land-use  management  alternatives. 

Other  Monetary  Agroforestry  Benefits 

Depending  on  the  site,  species,  and  available  markets,  additional 
opportunities  may  exist  to  substantially  increase  net  revenues.   For 
example,  if  black  walnut  nut  production  is  incorporated  into  the 
agroforestry  system,  it  is  likely  that  agroforestry  would  then  dominate  the 
majority  (if  not  all)  of  the  traditional  agriculture  alternatives  presented 
here.   This  is  based  on  work  by  Campbell  (1989)  and  Kurtz  (1989)  where  nut 
production  was  found  to  contribute  an  additional  (approximate)  $80  per  acre 
per  year,  assuming  an  infinite  time  horizon  and  a  real  (bef ore-tax) 
discount  rate  of  4  percent. 


Summary 

Agroforestry  is  a  feasible,  low-input,  sustainable  land-use 
alternative  offering  benefits  of  land  conservation  and  improved  overall 
economic  return.   In  Illinois  and  the  central  states,  agroforestry  is  most 
attractive  on  marginal  (i.e.,  nonprime)  agriculture  land  where  soil  erosion 
is  a  concern  and  soil  conservation  measures  are  needed  for  sustained 
agriculture  production. 

Modeled  agroforestry  systems  incorporating  black  walnut  performed 
better  on  the  better  sites  and  at  the  medium  to  high  growth  rates  whereas 
management  systems  with  red  oak  performed  better  on  the  poorer  sites  and  at 
the  lower  timber  growth  rates.   For  agroforestry  to  be  competitive  with 
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traditional  agriculture,  medium  to  high  timber  growth  rates  were  necessary. 
This  means  that  sound  silvicultural  practices  must  be  followed,  and  in 
particular,  good  weed  control. 

The  external  economic  and  institutional  environment  which  the  rural 
landowner  faces  also  is  important.   For  example,  high  interest  rates  favor 
traditional  agriculture  while  low  rates  favor  longer-term  investments  such 
as  agroforestry.   Agroforestry  is  also  favored  by  the  existing  income  tax 
structure  due  to  timber's  deferred  tax  liability. 

Substantial  increases  in  net  income  may  be  possible  through 
incorporating  other  income  producing  activities  (e.g.,  nut  production) 
within  the  agroforestry  system.   Nonmarket  benefits  (e.g.,  enhancement  of 
wildlife  habitat)  also  may  be  important.   The  decision  to  investment  in 
agroforestry  rests  on  many  factors  such  as  management  goals,  land 
suitability,  activity  mix  and  management  level,  alternative  opportunities, 
and  the  external  economic  environment.   For  agroforestry  to  be  successful, 
careful  consideration  should  be  given  these  factors. 
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Table  1.   Site  quality  indices  for  timber  and  agriculture  in 

northern  and  southern  Illinois. 


Northern  Illinois 

Representative  Soil  Series^ 

Edmund  silt  loam  5-9%  slope 
Kidder  loam  5-9%  slope 
Miami  loam  10-15%  slope 


SI^ 

PI^ 

65 

90 

75 

105 

85 

120 

— __ 

SI^ 

c 

JOUt 

65 

85 

75 

105 

85 

115 

Southern  Illinois 

Representative  Soil  Series^ 

Zainesville  silt  loam  12-18%  slope 
Grantsburg  silt  loam  12-18%  slope 
Hosmer  silt  loam  8-12%  slope 


site  index  (SI)  for  white  oak,  base  age  50  (e.g.,  a  SI  of  75  means  that 
dominant  and  co-dominant  trees  are  expected  to  reach  7  5  ft.  in  total 
height  by  age  50  (yrs.). 

Productivity  index  (PI)  is  a  relative  measure  of  productive  capacity 
based  on  estimated  yields  of  major  grain  crops  grown  in  Illinois  as  a 
single  percentage  of  the  average  yields  obtained  under  basic  management, 
adjusted  to  high  management.   Basic  management  includes  the  minimum 
inputs  considered  necessary  for  crop  production  to  be  feasible.   High 
management  includes  inputs  that  are  near  those  required  for  maximum 
profit  with  current  technology  (Fehrenbacher,  et  al.  1978). 
Soils  are  considered  marginally  suited  for  traditional  agriculture  and 
are  classified  3e,  4,  or  higher  under  the  USDA  Soil  Conservation 
Service's  Land  Capability  Classification  System  (USDA  Soil  Conservation 
Service  1962) . 


Table  2.   Comparable  site  indices^  (in  feet)  for  central 
states  timber  species,  base  age  50. 


White        Black         Red        Yellow         White 
Oak         Walnut        Oak        Poplar         Pine 


65  65  70  75  85 

75  75  79  83  93 

85  85  89  91  105 


Yellow 
Poplar 

75 
83 
91 

a 


Based  on  Carmean  and  Hahn  (1983). 
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Table  3.   Time  of  first  and  second  clear  length  (bole) 

pruninqs  by  species  and  site  for  an  aqroforestry  system^. 


Species 


Black  Walnut 
(Juglans  nigra  L. ) 

Northern  Red  Oak 
(Ouercus  rubra  L. ) 

White  Oak 

f Ouercus  alba  L. ) 

White  Pine 

(Pinus  strobus  L» ) 

Yellow-Poplar 
(Liriodenron  tulipfera  L. ) 


Species 


Black  Walnut 
(Juglans  nigra  L« ) 

Northern  Red  Oak 
(Ouercus  rubra  L. ) 

White  Oak 
(Ouercus  alba  L. ) 

White  Pine 

(Pinus  strobus  L. ) 

Yellow-Poplar 
(Liriodenron  tulipfera  L. ) 


First  Clear  Length  Pruning 
Site  Quality 
Low      Medium      High 
—  (yr) 


10 


10 


15 


10 


10 


8 


8 


12 


8 


8 


10 


6 


Second   Clear   Length   Pruning^ 
Site  Quality 
Low  Medium  High 


30 


23 


30 


20 


20 


(yr) 

18 

18 
24 
16 
16 


15 


15 


20 


12 


12 


Based  on  Callahan  and  Smith    (1974),    Kincaid    (1982),    and  Schlesinger 
(1982) . 

Pruning  up  to   9    ft.    on  bole,    total   tree  height   equals   22.5    ft. 
Pruning   from  9   to   17    ft.    on  bole,    total   tree   height   equals   42.5    ft. 
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Table  4.   Recommended  stocking  densities  and  thinning 


Black 

Walnut^ 

Red/White  Oak 

White 

Pine 

■1.  •->  f->^^\^  J. 
Yellow 

'   Poplar 

DBH^ 

CCF 

DBH 

CCF 

DBH 

CCF 

.  DBH 

"  CCF 

7.0 

69.0 

8.5 

67.8 

9.5 

69.1 

8.0 

66.3 

7.1 

70.5 

8.6 

69.2 

9.6 

70.2 

8.1 

67.7 

7.5 

76.5 

8.7 

70.5 

lOoO 

75.6 

8.2 

69,1 

7c9 

82,8 

9.0 

74.6 

10.4 

81.0 

8.3 

70,6 

8»3 

89.3 

9c5 

81.8 

10.8 

86,4 

8.5 

73.4 

8.7 

96.1 

10.0 

89.3 

11,2 

91.8 

9.0 

81.2 

9.1 

103.1 

10.5 

97.1 

11.6 

98.3 

9.5 

89,3 

9.5 

110.4 

11.0 

105.2 

12.0 

103.7 

10.0 

97.7 

Thinn 

ing  #1 

11.1 

106.8 

12.2 

106.9 

10.5 

106.5 

f61  t 

.p. a. ) 

11.2 

108.0 

12.3 

108.0 

10.6 

108.0 

10.2 

69.9 

11.3 

110.2 

12.4 

110.3 

10.7 

110.2 

10.6 

74.3 

Thinning  #1 

Thinning  #1 

Thinning  #1 

11.0 

79.0 

f69  t 

.P. a. ) 

f69  t 

.P. a. ) 

f69  t 

•P. a. ) 

11.4 

83.7 

11.3 

70.4 

12.4 

70.4 

10.7 

70.4 

11.8 

88.6 

11.5 

72.6 

12.5 

71.4 

11.0 

73.8 

12.2 

93,7 

12.0 

78.2 

13.0 

76.6 

11.5 

80.0 

12.6 

98.9 

12.5 

84.0 

13,5 

82.1 

12.0 

86.3 

13.0 

104.2 

13,0 

89.7 

14.0 

87.6 

12.5 

93.2 

13.4 

109.7 

13.5 

96.2 

14.5 

93.2 

13.0 

100.0 

Thinn 

ing  #2 

14.0 

102,7 

15.0 

99.4 

13.5 

107.0 

f36  t 

.p. a.) 

14  c  5 

109.0 

15c5 

105.6 

13,6 

108.3 

14  cO 

69.7 

14.6 

110.4 

15.9 

110.4 

13.7 

109.7 

14.2 

71.4 

Thinning  #2 

Thinn: 

Lng  #2 

Thinning  #2 

14.6 

74.9 

f44  t 

.p.a. ^ 

f44  t 

.p. a.) 

f44  t 

.p.a. ) 

15.0 

78.5 

14.6 

70.4 

15.9 

70.4 

13.7 

70.0 

15.4 

82.1 

15.0 

73.9 

16.5 

75.2 

14.0 

72,8 

15.8 

85.8 

15.5 

78.7 

17.0 

79.6 

14.5 

77,7 

16.2 

89.6 

16.0 

83.2 

17.5 

84.0 

15.0 

82.7 

16.6 

93.5 

16.5 

88.0 

18.0 

88.4 

15.5 

87.6 

17.0 

97.5 

17.0 

92.0 

18.5 

93.0 

16.0 

93.0 

17.4 

101.5 

17.5 

97.7 

19.0 

97.7 

16.5 

98.6 

17.8 

105.7 

18.0 

103.0 

19.5 

102.5 

17.0 

104.1 

18.2 

109.9 

18.6 

109.6 

20.2 

109.6 

17.5 

110.0 

Thinning  #3 

Thinning  #3 

Thinning  #3 

Thinning  #3 

r22  t. 

.p. a.) 

r27  t 

.p. a.) 

f27  t. 

p. a.) 

f27  t 

.P. a. ) 

18.7 

70.4 

18.6 

67.2 

20.2 

67.2 

17.5 

67.5 

19.5 

75.9 

19  oO 

69.7 

20.5 

69.1 

18.0 

71.0 

20.3 

81.5 

19.5 

73.2 

21.0 

72.3 

18.5 

74.8 

21.1 

87.3 

20.5 

80.2 

21.5 

75.6 

19.5 

82.5 

21.9 

93.4 

21.5 

87.8 

22.0 

78.8 

20.5 

90.6 

22.7 

99.6 

22.5 

95.3 

22.5 

82.4 

21.5 

99.1 

23.5 

106.1 

23.0 

99.4 

23.0 

85.6 

22.5 

108.0 

24.3 

112.7 

23.5 

103.4 

23.5 

89.4 

23.5 

117.5 

25.1 

119.5 

24.0 

107.7 

24.0 

92.9 

24.0 

122.0 

25.9 

126.6 

24.5 

111.8 

24.5 

96.7 

24.5 

126.9 

26.7 

133.8 

25.0 

116.1 

25.0 

99.9 

25.0 

131.8 

Based  on  an  initial  planting  density  of  108  t.p.a.,  and  a  crown  competion 
factor  (CCF)  range  of  70-110  (Krajicek,  et  al.  1961;  Krajicek  1967;  USDA 
Forest  Service  1981). 

The  DBH  estimates  for  walnut  reflect  thinning  gains  (Funk,  et  al.  1978) 
and  reductions  for  CCFs  >  82  (Schlesinger  1985). 
^   Diameter  (in  inches)  at  breast  height. 
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Table  5.   Thinning  and  final  harvest  yields^  for  black  walnut, 


si 

te  index 

:  75,  mec 

lium  growth 

rate,  by  rotat 

ion  age. 

Rotation  Age  = 

50  Years 

DBH^ 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board 

Feet^ 

Year 

CCF^ 

Der  Acre 

per  Acre 

per 

Acre 

10 

2.4 

18.1 

108 

0.00 

0 

20 

4.8 

41.0 

108 

0.00 

0 

30 

6.8 

69.8 

108 

0,00 

0 

40 

8.9 

100.0 

108 

0.00 

0 

50 

10.6 

131.8 

108 

988.20 

0 

Rotation  Age  = 

60  Years 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board 

Feet 

Year 

DBH 

CCF 

per  Acre 

per  Acre 

per 

Acre 

10 

2.4 

18.1 

108 

0.00 

0 

20 

4.8 

41.0 

108 

0.00 

0 

30 

6.8 

69.8 

108 

0.00 

0 

40 

8.9 

100.0 

108 

0.00 

0 

44 

9.5 

110.2 

108 

0.00 

0 

44 

11.3 

70.2 

52 

257.28 

0 

50 

12.4 

82.1 

52 

0.00 

0 

60 

14.3 

104.0 

52 

381.68 

3,567 

Rotation  Age  = 

70  Years 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board 

Feet 

Year 

DBH 

CCF 

per  Acre 

per  Acre 

per 

Acre 

10 

2.4 

18.1 

108 

0.00 

0 

20 

4.8 

41.0 

108 

0.00 

0 

30 

6.8 

69.8 

108 

0.00 

0 

40 

8.9 

100.0 

108 

0.00 

0 

44 

9.5 

110.2 

108 

0.00 

0 

44 

11.3 

70.2 

52 

257.28 

0 

50 

12.4 

82.1 

52 

0.00 

0 

60 

14.3 

104.0 

52 

0.00 

0 

70 

i  , 

16.0 

126.9 

52 

453.96 

5,470 

Based  on  DBH  and  site  index,  the  TWIGS  growth  and  yield  simulator 
(Walters  1983)  was  used  to  estimate  timber  volumes. 
Diameter  (in  inches)  at  breast  height. 
Crown  competition  factor. 
Doyle  log-rule. 
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Table  6.   Thinning  and  final  harvest  yields^  for  northern  red 
oak,  site  index  79,  medium  growth  rate,  by  rotation  age. 


Rot 

ation  Age  = 

50  Years 

DBH^ 

Trees 

Harve 

St 

Yield 

Cubic  Feet 

+ 

Board  Feet^ 

Year 

CCF^ 

per  Acre 

per  Acre 

per  Acre 

10 

2c5 

11.6 

108 

OoOO 

0 

20 

5.0 

29.3 

108 

0.00 

0 

30 

7.6 

56.4 

108 

0.00 

0 

40 

10.2 

92.3 

108 

0.00 

0 

50 

12.9 

139.3 

108 

587.52 

4,586 

Rotation  Age  = 

60  Years 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board  Feet 

Year 

DBH 

CCF 

oer  Acre 

per  Acre 

per  Acre 

10 

2.5 

11.6 

108 

OcOO 

0 

20 

5.0 

29.3 

108 

0.00 

0 

30 

7.6 

56.4 

108 

0.00 

0 

40 

10.2 

92.3 

108 

0,00 

0 

44 

11  =  3 

110c2 

108 

0.00 

0 

44 

11.3 

70c4 

69 

542.49 

0 

50 

12c9 

89e0 

69 

0.00 

0 

60 

15,6 

124.2 

69 

654,12 

6,433 

Rotation  Age  = 

70  Years 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board  Feet 

Year 

DBH 

CCF 

per  Acre 

per  Acre 

per  Acre 

10 

2.5 

11.6 

108 

0.00 

0 

20 

5.0 

29.3 

108 

0.00 

0 

30 

7.6 

56.4 

108 

0.00 

0 

40 

10.2 

92.3 

108 

0.00 

0 

44 

11.3 

110.2 

108 

0.00 

0 

44 

11.3 

70.4 

69 

542.49 

0 

50 

12.9 

89.0 

69 

0.00 

0 

56 

14.6 

110.4 

69 

0.00 

0 

56 

14.6 

70.4 

44 

195.50 

1,728 

60 

15.6 

79.2 

44 

0.00 

0 

70 

18.3 

105.6 

44 

672.76 

6,476 

Based  on  DBH  and  site  index,  the  TWIGS  growth  and  yield  simulator 
(Walters  1983)  was  used  to  estimate  timber  volume. 
Diameter  (in  inches)  at  breast  height. 
Crown  competition  factor. 
Doyle  log-rule. 
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Table  7.   Thinning  and  final  harvest  yields^  for  white  oak, 
site  index  75,  medium  growth  rate,  by  rotation  age. 


Rotation  Age 

=  50  Years 

DBH^ 

Trees 

Harve 

st 

Yield 

Cubic  Feet 

+ 

Board 

Feet^ 

Year 

CCF^ 

per  Acre 

per  Acre 

per 

Acre 

10 

2,5 

11.6 

108 

0.00 

0 

20 

5c0 

29o3 

108 

OoOO 

0 

30 

7.1 

50.8 

108 

0.00 

0 

40 

9.2 

77.8 

108 

0.00 

0 

50 

11.4 

112.3 

108 

1,613.52 

0 

Rotation  Age 

=  60  Years 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board 

Feet 

Year 

DBH 

CCF 

per  Acre 

per  Acre 

per 

Acre 

10 

2.5 

11.6 

108 

0.00 

0 

20 

5.0 

29.3 

108 

0.00 

0 

30 

7.1 

50.8 

108 

0.00 

0 

40 

9.2 

77.8 

108 

0.00 

0 

50 

11.4 

112.3 

108 

0.00 

0 

50 

11.4 

71.5 

69 

582.66 

0 

60 

13.4 

95.2 

69 

96.60 

5,189 

Rotation  Age 

=70  Years 

Trees 

Harvest 

Yield 

Cubic  Feet 

+ 

Board 

Feet 

Year 

DBH 

CCF 

per  Acre 

per  Acre 

per 

Acre 

10 

2.5 

11.6 

108 

0.00 

0 

20 

5.0 

29.3 

108 

0.00 

0 

30 

7.1 

50.8 

108 

0.00 

0 

40 

9.2 

77.8 

108 

0.00 

0 

50 

11.4 

112.3 

108 

0.00 

0 

50 

11.4 

71.5 

69 

582.66 

0 

60 

13.4 

95.2 

69 

0.00 

0 

70 

15.1 

117.3 

69 

109.71 

8,080 

Based  on  DBH  and  site  index,  the  TWIGS  growth  and  yield  simulator 
(Walters  1983)  was  used  to  estimate  timber  volume. 
Diameter  (in  inches)  at  breast  height. 
Crown  competition  factor. 
Doyle  log-rule. 
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Table  8 


Percentage  log  grade^  distribution  by  species  and 

size  class. 


BLACK  WALNUT^ 

Log  Grade 

Volume  Distribution  - 



DBH^ 

Veneer 

Prime 

No.  1      No.  2 

No.  3 

(in) 

(%) 

(%) 

(%)        (%) 

(%) 

12 

0 

0 

0         75 

25 

14 

0 

5 

45         40 

10 

16 

10 

15 

40         30 

5 

18 

15 

25 

35         20 

5 

20 

20 

30 

30         15 

5 

22 

25 

33 

25         13 

4 

24 

30 

36 

20         11 

3 

26 

35 

39 

15         10 

1 

RED 

OAK^ 

Log  Grade 

Volume  Distribution  - 



DBH 

Veneer 

Prime 

No.  1      No.  2 

No.  3 

(in) 

(%) 

(%) 

(%)        (%) 

(%) 

12 

0 

0 

0         60 

40 

14 

0 

0 

32         39 

29 

16 

5 

32 

28         31 

4 

18 

6 

41 

25         25 

3 

20 

7 

50 

21         20 

2 

22 

8 

59 

18         14 

1 

24 

9 

68 

15          8 

0 

26 

10 

76 

12          2 

0 

WHITE 

OAK^ 

Log  Grade 

Volume  Distribution  - 



DBH 

Veneer 

Prime 

No.  1      No.  2 

No.  3 

(in) 

(%) 

(%) 

(%)        (%) 

(%) 

12 

0 

0 

0         80 

20 

14 

0 

0 

38         45 

17 

16 

5 

21 

33         33 

8 

18 

6 

29 

30         28 

7 

20 

7 

37 

27         23 

6 

22 

8 

45 

24         18 

5  " 

24 

9 

53 

21         13 

4 

26 

10 

60 

18          9 

3 

Purdue  log-grades  (Herrick  1955). 

Log-grade  distribution  based  on  Dale  and  Brisbin  (1985). 
Diameter  (in  inches)  at  breast  height. 

Based  on  Dale  and  Brisbin  (1985),  Myers,  et  al.  (1986),  and  Trimble 
(1965). 
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Table  9.   Agricultural  yields  (adjusted  for  slope)  by  soil 

type  and  productiyity  index^. 


Northern  Illinois 

Soil  Type 

Miami 

Kidder 

Edmund 

PI^ 

120 

105 

90 

Per 

Acre  Yields 

Corn 
(Bu.)^ 

109 
95 
78 

Soybeans 
(Bu.) 

36 
33 
29 

Wheat 
(Bu.) 

46 
42 
40 

Oats 
(Bu.) 

61 

63 
50 

Hay 
(Tons) 

4.32 
3c85 
3.37 

Southern  Illinois 

Soil  Type 

Hosmer 

Grantsburg 

Zainesyille 

PI 

115 

105 

85 

Per 

Acre  Yields 

Corn 
(Bu.) 

96 
79 

58 

Soybeans 
(Bu.) 

31 
27 

20 

Wheat 
(Bu.) 

45 
38 
25 

Oats 
(Bu.) 

0 
0 

0 

Hay 
(Tons) 

4.10 
3.40 
2.31 

Adjustments  to  agronomic  yields  due  to  differences  in  soil  type,  slope, 
and  current  state  of  erosion  are  based  on  Fehrenbacher,  et  al.  (1978). 
High  management  is  assumed  and  includes  inputs  that  are  near  those 
required  for  maximum  profit  with  current  technology  (Fehrenbacher,  et 
al.  1978). 

Productivity  index  (PI)  is  a  relative  measure  of  productive  capacity  and 
is  based  on  estimated  yields  of  major  grain  crops  grown  in  Illinois  as  a 
single  percentage  of  the  average  yields  obtained  under  basic  management, 
adjusted  for  high  management  (Fehrenbacher,  et  al.  1978). 
Bushels. 
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Table  10. 

The  effect  of  tree  competition  on  agricultural 
yields  by  site  quality^. 

High 

Site  -  Miami  and  Hosmer  Soils 

Year 

1-6 
7-8 
9  + 

Assumed  Yield  Reductions^ 

No  reduction  in  agricultural  crop  yields 
15  percent  annual  reduction  in  yields 
No  agricultural  crop  production 

Medium 

Year 

1-6 
7-8 
9-10 

11  + 

Assumed  Yield  Reductions 

No  reduction  in  agricultural  crop  yields 
10  percent  annual  reduction  in  yields 
2  0  percent  annual  reduction  in  yields 
No  agricultural  crop  production 

Low  Site  -  Edmund  and  Zainesville  Soils 

Year 

1-8 
9-10 

11  -  12 

13  + 

Assumed  Yield  Reductions 

No  reduction  in  agricultural  crop  yields 
10  percent  annual  reduction  in  yields 
20  percent  annual  reduction  in  yields 
No  agricultural  crop  production 

^  Assumptions  based  on  Garrett  (1985). 

These  reduction  assumptions  are  to  be  used  as  guidelines.   Agricultural 
production  is  terminated  earlier  if  estimated  net  returns  became 
negative. 
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Table  11.   An  agroforestry  management  regime. 


AGROFORESTRY  MANAGEMENT  SYSTEM 


Periodic  Momt.  Activities 

Site  Preparation 
Establishment  of  Ground  Cover^ 
Timber  Planting  Stock*^ 
Tree  Planting® 
Chemical  Weed  Control^ 
Corrective  Pruning 
First  Clear  Length  Pruning^ 
Second  Clear  Length  Pruning" 
First  Commercial  Thinning 
Second  Commercial  Thinning 
Third  Commercial  Thinning 
Final  Harvest-^ 


General 

Range^ 

(Yrs) 

0 

0 

0 

0 

0 

2  &  4 

6-15 

12  -  30 

19  -  59 

27  -  60 

37  -  55 

50  -  70 


Walnut  Example 
Timing 
(Yrs) 
0 
0 
0 
0 
0 
2  &  4 
8 
18 
44 


70 


Annual  Mgmt.  Activities 

Chemical  Weed  Control^ 
Agricultural  Crop  Production 
Operation  and  Mgmt.  Expenses 


Duration 
(Yrs) 
1-5 
1  -  12, 
1  -  RA' 


Walnut  Example 
Timing 
(Yrs) 
1-5 
1-9 
1  -  RA-^ 


Variations  in  the  timing  of  certain  activities  reflect  differences  in 

site,  species,  growth  rate,  and  rotation  age. 
Combined  black  walnut  and  row  crop  production,  medium  site  in  northern 

Illinois,  and  medium  timber  growth  rate. 
Ten-foot  wide  buffer  strips  comprise  25%  of  land  area. 
Eighteen-inch  commercial  planting  stock. 
Trees  are  planted  on  contour,  down  center  of  buffer  strip  at  a  10x40  foot 

spacing  (108  trees/acre). 

Area  around  trees  is  spot/strip  sprayed  with  glyphosphate. 
Bole  pruning  up  to  9  feet,  108  trees/acre. 
Bole  pruning  from  9  to  17  feet,  75  trees/acre. 
Crop  tree  goal:  22  to  27  trees  per  acre. 
Spot  or  strip  spraying  with  simazine  &  oxyazlen. 
Ag  production  is  based  on  common  tillage  and  crop  rotation  systems.   Row 

crop  yields  are  reduced  over  time  to  reflect  increasing  tree 

competition. 
Rotation  Age. 
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Table  12.   Timber  management  costs. 


Management  Activity 


Site  Preparation 

Establishment  of  Ground  Cover 

Timber  Planting  Stock 

Tree  Planting 

Weed  Control  during  Establishment 

Weed  Control  after  Establishment 

Corrective  Pruning 

First  Clear  Length  Pruning 

Second  Clear  Length  Pruning 

Annual  Operation  &  Maintenance 

Annual  Property  Taxes 


Cost  of 

State  +  Federal 

Practice 

Cost  Share 

($/Acre) 

($/Acre) 

0.00^ 
12c 50^ 

10.28 

0.00 

54.00^ 
27.00^ 

40.35 

25.11 

3.50® 

3.26 

5.52® 

5.14^ 

12.00 

0.00 

38c88^ 
61.50^ 

19.73 

22.67 

1.50. 

0.00 

1.00^ 

0,00 

o     e     «     G 


Final   Harvest   Expenses   consist   of   consulting  "fees    for 
professional    forestry  assistance    (10   percent   of  gross 
harvest   revenues)    and  a   4   percent  harvest   fee  based   on  gross 
sawlog  harvest  value. 


site  preparation  costs   are   included  within  the   agriculture   component  of 
the   agroforestry   system.      For   the   second,    and   succeeding   timber 
rotations,    site  preparation  costs   are   increased  by   $15/acre, 
representing   a   50%    increase   over   regular  moldboard   plowing    (Hinton 
1986),    this   incremental   cost   is   charged  to  the  timber  component. 

Ground   cover   is   planted  on  25   percent  of  the   available   area  within  the 
10-foot  buffer   strip.      Costs   are  based  on  Campbell   and  Curtin    (1986). 

Seedlings   cost    $0.50  per  tree    (Lottes   1985). 

Seedlings  machine  planted   at   $0.25   per  tree    (Lottes    1985). 

Based  on  Lottes    (1985). 

Cost   share   is    for   first  year  only. 
^  The  per  tree   cost    is    $0.36    (Lottes   1985). 

The   per   tree   cost    is    $0.82    (Lottes    1985). 
^   Property  taxes   reflect   the    1/6   assessment   allowed   qualified    forest    land 
in   Illinois    (Chicoine  and  Scott   1983). 
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Table  13.   Averaqe  aqriculture 

and  timber 

prices. 

Agriculture  Commodity  Prices 

Commodity 

Code 

Price^ 

Alfalfa 

ALF 

$69.03 

per 

Ton 

Clover 

M 

54.83 

per 

Ton 

Corn 

C 

2.86 

per 

Bushel 

Oats 

0 

1.94 

per 

Bushel 

Soybeans 

s 

6,63 

per 

Bushel 

Wheat 

w 

3,30 

per 

Bushel 

Timber  Stumpage  Prices 

Grade^ 

Black  Walnut 

Red  Oak 

White  Oak 

($/mbf)^ 

($/mbf) 

($/inbf) 

Veneer 

1,702 

453 

1,153 

Prime 

690 

279 

288 

No.  1 

573 

198 

185 

No.  2 

323 

100 

89 

No.  3 

142 

22 

20 

Commodity  prices  were  averaged  over  a  four  year  period 
from  January  1981  to  December  1984. 
Purdue  log-grades  (Herrick  1956). 
^  Dollars  per  thousand-board-feet,  Doyle  log-rule;  based  on  Illinois 
Timber  Prices  (Illinois  DOA/DOC  1987). 
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Table   14.      Agriculture   component   cash   flows^   and   associated 
soil    loss    for   northern   and   southern   Illinois   by   site   and   crop 

rotation/tillage   system. 


Northern  Illinois 

Miami  Loam 

Kidder  Loam 

] 

Edmund 

Silt  Loam 

Yr^ 

(10%  Slope) 

(7% 

Slope) 

(7% 

Slope) 

ALF^   CC/NT/CN"    ALF 

CCS/MT/CN'= 

ALF 

CCS/MT/CN 

■  net  return  per  acre  — 

1 

$120.37   $107.16 

$  91.95 

$  87.29 

$ 

75.31 

$  67.10 

2 

110.73     97.34 

91.88 

86.78 

72.68 

64.43 

3 

110.58     97.00 

91.85 

86.28 

72.67 

64.36 

4 

110.43     96.68 

91.80 

85.77 

72.66 

64.31 

5 

110.29     96.35 

91.77 

85.28 

72.65 

64.25 

6 

110.13     96.01 

91.72 

84.78 

72.64 

64.19 

7 

59.13     51.43 

51.51 

48.53 

72.63 

64.14 

8 

16.31     12.06 

30,47 

30.11 

72.62 

64.08 

9 

11.08 

30.12 

28.11 

10 

tons  per  c 

18.53 

20.68 

icre  per  y^ai. 

SLo£ 

js^  3.6       4.3 

1.6 

4.2 

1.3 

1.3 

iiipii  J 

5.0       5.0 

4.0 

4.0 

3o0 

3.0 

Southern 

Illinois 

Hosmer 

Grantsburg 

Zainesville 

Silt  Loam 

Silt  Loam 

Silt 

:  Loam 

(10%  Slope) 

(12% 

Slope) 

(12% 

Slope) 

Yr 

CC/NT/CN 

CSWM/MT/CN^ 

sturn  per 

acrt 

" neu  r€ 

„. h 

1 

$  80.42 

$ 

45.69 

- 

2 

76o60 

41.90 

3 

76.39 

41.88 

4 

76.18 

41.84 

5 

75.98 

41.82 

6 

75.77 

41.79 

7 

23.15 

8 

■  tons  per 

7.31 

acre  per 

yeai 

SLoss        1.3 

3.0 

> 

'  3.0 

II  mil 

4.0 

4.0 

3.0 

Agriculture  cash   flows   and   soil    loss    (SLoss)    derived  by   SOILEC    (Eleveld, 

et   al.    1983;    Johnson,    et   al.    1989). 

Years   in  agroforestry  timber  rotation  where   net   returns   from  the 

agriculture   component   are  positive. 
^  Alfalfa    (ALF)    is   planted   on   a   5   year   rotation. 

CO   =   corn-corn   rotation,    NT   =   no-till,    CN   =   on   contour. 
®  CCS   =   corn-corn-soybean   rotation,    MT  =  minimum  tillage. 

"T"    =   State   of    Illinois   tolerable   soil    loss    level. 
"  CSWM  =   corn-soybeans-wheat-clover  rotation. 

All   economic   agriculture   strategies   failed  to  meet    "T". 
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Table  15.   An  example  net  income  stream  for  a 

combined  black 

walnut/row  crop  aqroforestry 

management  regime. 

AGROFORESTRY  MANAGEMENT  SYSTEM^ 

Periodic  Mamt.  Activities 

Year 

Net  Cash  Flow^ 
($/acre) 

Site  Preparation 

0 

0.00 

Establishment  of  Ground  Cover 

0 

=-12.50 

Timber  Planting  Stock 

0 

-13,65 

Tree  Planting 

0 

-1,89 

Chemical  Weed  Control 

0 

-0.24 

Corrective  Pruning 

2  &  4 

-12.00 

First  Clear  Length  Pruning 

8 

-19.15 

Second  Clear  Length  Pruning 

18 

-38.83 

First  Commercial  Thinning 

44 

9.52^ 

Second  Commercial  Thinning 

— 

0.00 

Third  Commercial  Thinning 

— 

0.00 

Timber  Sale  Expenses 

70 

-661.07 
4,728.06^ 

Final  Harvest 

70 

Annual  Mqmt.  Activities 

Year 

Net  Cash  Flow 
($/acre) 

Chemical  Weed  Control 

1-5 

-5.52® 
65.47-8.31^ 

Agricultural  Crop  Production 

1-9 

Operation  and  Mgmt.  Expenses 

1-70 

-1.50 

Property  Taxes 

1-70 

-1.00 

Example  assumes  a  medium  site  in  northern  Illinois  and  medium  timber 
growth  rate. 

First  rotation  only;  net  state  and  federal  cost-share. 
Firewood/pulpwood  is  sold  at  $3/cord  ( $0.033/cubic  foot). 

All  stumpage  prices  are  assumed  to  appreciate  in  relative  value  at  a  rate 
of  0.5  percent /year . 

First  year  weed  control  is  cost-shared  at  $5.14/acre. 

See  Table  14  for  full  set  of  agriculture  cash  flows;  above  net  income 
stream  reflects  a  25  percent  reduction  due  to  the  area  covered  by  the 
buffer  strips. 
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Table  16.   Best  agroforestry  and  traditional  agriculture 
alternatives  for  northern  Illinois  by  site  and  discount  rate^ 


__r^_ 

After- 

-tax  Net  Present  Val 

ues 

Low  Site 

Medium  Site 

Hiah  Site 

Mgmt.^ 

:_AT^_^ 

RCT^ 

Mgmt. 

AT 

RCT 

Mgmt. 

AT 

RCT 

(%) 

($/acre) 

($/acre) 

($/acre) 

4 

R050L 

293 

242 

RO70L 

297 

278 

BW70L 

457" 

394" 

(6e8) 

BW7  0M 

498" 

454" 

BW7  0M 

834 

816 

BW7  0M 

1617 

1555 

BW70H 

795 

751 

BW70H 

1735 

1716 

BW60H 

3379 

3313 

ALF 

2143 

ALF 

2659 

ALF 

3016 

CSWM 

L420 

CCOM 

2104 

CCOM 

1971 

6 

R050L 

236 

287* 

197 
250* 

RO70L 

236 

220 

BW7  0L 

316^ 

264* 

(8.5) 

BW70M 

BW70M 

383 

366 

BW50M 

718 

661 

BW70H 

368" 

331" 

BW70H 

651 

635 

BW60H 

1351 

1298 

ALF 

1323 

ALF 

1658 

ALF 

1923 

CSWM 

876 

CCOM 

1331 

CCOM 

1278 

8 

R050L 

211 

226* 
251* 

193* 
218* 

R070L 

262^ 

201 

247* 

BW70L 

274* 

227* 

(10.2 

)BW7  0M 

BW7  0M 

BW50M 

446 

397 

BW7  0H 

BW7  0H 

358 

343 

BW50H 

747 

698 

ALF 

957 

ALF 

1208 

ALF 

1419 

CSWM 

632 

CCOM 

982 

CCOM 

952 

10 

R050L 

195 

164 

R060L 

205 

190 

BW70L 

256* 

212* 

(11.9 

) BW7  OM 

200 
209* 

169 
178* 

BW60M 

220 

206 

BW50M 

334 

289 

BW60H 

BW60H 

261 

247 

BW50H 

494 

449 

ALF 

749 

ALF 

950 

ALF 

1127 

CSWM 

495 

CCOM 

779 

CCOM 

760 

Additional  assumptions  include  4%  inflation;  15%  federal  and  2.5%  state 
income  tax  rates;  expensing  of  ordinary  costs;  a  10%  ITC  plus  7-year 
amortization  of  timber  establishment  costs;  and  an  infinite  investment 
life. 

r  =  real,  bef ore-tax  discount  rate.   The  parentheses  identify  the 
ecjuivalent,  nominal  after-tax  rates  used  to  discount  the  after-tax  cash 
flows. 

For  each  agroforestry  alternative,  the  first  two  characters  identify  the 
timber  species,  the  second  two  specify  the  rotation  age,  and  the  last 
character  refers  to  the  timber  growth  rate.   Alfalfa  and  a  common  crop 
rotation  represent  the  "best"  traditional  agriculture  alternatives. 
AT  refers  to  the  simultaneous  production  of  alfalfa  and  timber;  RCT 
refers  to  row  crops  and  timber. 


Note:  agroforestry  alternatives  using  red  oak  often  possessed  estimated 
NPVs  close  to  black  walnut:  -  signifies  NPVs  within  9%,  #  within  5%,  and 
*  within  1%. 
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Table  17.   Best  agroforestry  and  traditional  agriculture 
alternatives  for  southern  Illinois  by  site  and  discount  rate^ 


-.£-.- 

After- 

-tax  Net 

Present 

Values 

Low 

Site 

Medium  Site 
Mgmt .      RCT^ 

Hiah 

Site 

Mgmt.^ 

d 

Mgmt. 

RCT 

(%) 

($/acre) 

($/acre) 

($/acre) 

4 

R070L 

-166 

R070L 

66 

BW70L 

268 

(6.8) 

BW70M 

86 

BW70M 

603 

BW70M 

1428 

BW70H 

382 

BW70H 
CSWM^ 

1504 

BW60H 

3179 

-168 

1226 

CC 

1960 

6 

R070L 

-124 

RO70L 

44 

BW7  0L 

159' 

(8.5) 

BW70M 

-53 

BW70M 

190 

BW50M 

549 

BW70H 

28 

BW70H 

459 

BW60H 

1190 

CS 

-98 

CSWM 

782 

CC 

1249 

8 

R07  0L 

-104 

RO70L 

41 

BW7  0L 

133* 

(10.2) 

BW70M 

-79' 

BW70M 

88 

BW50M 

299 

BW70H 

-54 

BW70H 

183 

BW50H 

600 

CS 

-67 

CSWM 

577 

CC 

927 

10 

R070L 

-82* 

R070L 

42 

BW7  0L 

124* 

(11.9) 

BW7  0M 

BW70M 

58' 

BW50M 

200 

BW70H 

-73' 

BW60H 

98 

BW50H 

360 

CS 

-49 

CSWM 

471 

CC 

742 

Additional  assumptions  include  4%  inflation;  15%  federal  and  2.5%  state 
income  tax  rates;  expensing  of  ordinary  costs;  a  10%  ITC  plus  7-year 
amortization  of  timber  establishment  costs;  and  an  infinite  investment 
life. 

r  =  real,  bef ore-tax  discount  rate.   The  parentheses  identify  the 
equivalent,  nominal  after-tax  rates  used  to  discount  the  after-tax  cash 
flows. 

For  each  agroforestry  alternative,  the  first  two  characters  identify  the 
timber  species,  the  second  two  specify  the  rotation  age,  and  the  last 
character  refers  to  the  timber  growth  rate.   A  common  crop  rotation  is 
used  as  the  "best"  traditional  agriculture  alternative. 

Agroforestry  alternatives  possessing  only  timber  component. 

RCT  refers  to  the  combined  production  of  row  crops/timber. 

For  the  low  and  medium  sites,  no  traditional  agriculture  system  was  able 
to  meet  the  State's  soil  loss  "T"  level. 


Note:  Agroforestry  alternatives  using  red  oak  often  possessed  estimated 
NPVs  close  to  black  walnut;  -  signifies  NPVs  within  6%,  #  within  2%,  and 
*  within  1%. 
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Trees  (x)  planted  on  a  10x40  ft.  spacing 
108  trees/acre 


X 

X 

X 

X        X        X        X        X        X 

X 

X 

X        X 

X 

X 

X 

X 

X 

Agriculture  crops  - 

30  foot 

strip 

X 

X 

X 

X        X        X        X        X        X 

X 

X 

X       X 

X 

X 

X 

X 

X 

- 

2^  J^  J^  J^  J%:  yV  J'L  J\,  J\s  ^V  J\s  ^V  J\,  J^  JV  J^  a^  J^ 


xxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxx 


Figure   1.      A  general   planting   strategy   for  an 
agroforestry,    multicropping   system  combining  trees   and 
agriculture   crops   simultaneously  on  the   same   area. 
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Figure  2.   Flow  chart  for  an  agroforestry  analysis. 
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ABSTRACT 

FORPLAN  (Forest  Planning  Model)  is  a  large  scale  linear 
programming  (LP)  model  used  by  the  National  Forest  system  to 
develop  multiple-use  management  plans.  However,  being  an  LP 
based  model,  only  one  objective  is  considered  and  optimized. 

This  study  examines  the  use  of  a  technique  known  as  Modeling 
to  Generate  Alternatives,  (MGA)  and  apply  it  in  the  context  of 
FORPLAN.  This  technique  is  used  to  generate  a  number  of  feasible 
and  acceptable  solutions.  By  generating  distinct  but 
satisfactory  alternatives,  the  decision  maker (s)  are  in  a  better 
position  to  examine  several  alternatives  and  evaluate  their 
suitability  and  applicability  to  the  National  Forest  given  the 
diversity  of  goals  of  the  users  and  the  multiple-uses  of  the 
forest . 

Introduction 

In  1976  the  National  Forest  Management  Act  was  passed.  This 
Act  called  for  a  planning  model  that  integrated  functional 
resource  planning  into  the  mainframe  of  land  management  planning 
(Iverson,  1982)  .  In  response  to  this  goal  FORPLAN  was  developed 
and  adopted  as  the  primary  analytical  planning  tool  for  all 
National  Forests. 

FORPLAN  is  a  linear  programming  (LP)  planning  tool  designed 
to  make  the  decision  making  process  more  comprehensive  and 
efficient.  However,  in  its  current  form  it  may  not  be  providing 
sufficient  information  needed  to  improve  the  decision  making 
process. 

FORPLAN  is 
considered  opt 
With   only   one 
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A  planning  technique  which  could  enhance  FORPLAN  as  well  as 
fit  into  the  present  National  Forest  planning  process  without 
extensive  redesigning,  is  Multiple  Objective  Programming  (MOP) . 

MOP  offers  a  number  of  techniques  which  systematically 
generate  alternative  solutions.  These  alternatives  consider  many 
objectives  simultaneously  and  are  measured  with  more  than  one 
measure  of  value.  Cohon(1978)  has  stated  that  MOP  techniques 
have  three  improvements  over  the  traditional  single  objective 
approaches;  namely  1)  it  promotes  more  appropriate  roles  for 
the  participants  in  the  planning  and  decision  making  process;  2) 
a  wider  range  of  alternatives  is  usually  identified  when  a 
multiobjective  methodology  is  employed,  and  3)  models  or  the 
analysts'  perception  of  a  problem  will  be  more  realistic  if  many 
objectives  are  considered. 

The  objective  of  this  research  is  two-fold;  1)  develop  a 
methodology  utilizing  the  present  system  of  FORPLAN  that  will 
make  the  forest  planning  model  more  suited  to  address  multiple- 
use  in  the  National  Forests  and  overcome  some  of  the  current 
limitations  of  FORPLAN,  and  2)  create  an  environment  in  which 
the  planners  and  decision  maker (s)  of  the  National  Forests  are 
provided  with  distinctly  different  alternatives  that  may  add 
insight  and  lead  to  a  more  rational  decision. 

Methodology  and  Sample  Problem 

The  MOP  technique  used  in  this  study  is  called  Modeling  to 
Generate  Alternatives  (MGA) .  There  are  a  number  of  MGA  methods 
which  are  capable  of  generating  satisfactory  and  different 
alternatives.  The  MGA  technique  that  was  used  in  this  research 
is  conceptually  simple,  can  be  applied  to  FORPLAN  easily,  and 
avoids  generating  a  large  number  of  alternatives.  This  technique 
is  known  as  Hop,  Skip,  and  Jump  (HSJ)  and  was  developed  by  Brill 
et.  al  (1982) . 

MGA  is  designed  to  generate  a  number  of  distinctly  different 
and  satisfactory  alternatives  to  the  original  LP,  or  in  this  case 
FORPLAN.  These  alternatives  take  into  consideration  multiple 
objectives,  unlike  FORPLAN  which  is  a  traditional  single 
objective  model. 

MGA  produces  alternatives  by  searching  the  decision  space. 
Two  generated  solutions  can  be  found  to  be  minimally  different  in 
objective  space  (i.e.  the  values  of  the  objectives  are  similar) 
but  may  be  significantly  different  in  decision  space.  Given  a 
multidimensional  feasible  decision  space  nearly  an  infinite 
number  of  alternative  solutions  may  exist.  Because  a  great 
number  of  alternatives  exist  in  the  decision  space,  a  technique 
which  systematically  searches  the  decision  space  and  generates  a 
small  number  of  alternatives  would  be  desirable.  MGA  is 
primarily  designed  for  this  purpose. 


By  utilizing  an  MGA  technique,  satisfactory  alternatives  are 
produced  by  the  use  of  target  values  for  different  objectives 
that  need  to  be  satisfied.  On  the  other  hand,  distinctly 
different  alternatives  are  generated  with  respect  to  the 
decisions  they  specify. 

The  mathematical  formulation  of  the  HSJ  method  is  as  follows; 

J 

S 

j=l 


Min  Z  =  S   Xj  (1) 


s.t.      Zy.{X)    >  Tj^    k=l,2,...,K     (2) 
X  e  F^  (3) 

where 

J  =  Set  of  indices  of  the  nonzero  basic 
decision  variables  of  the  initial 
solution. 
T]^  =  Target  specified  for  objective  Zj^  (X)  . 
X  e  F^  =  Assures  the  decision  will  fall  within  the 
decision  space. 

The  objective  function  (1)  in  the  formulation  above  generates 
a  distinct  solution  in  each  iteration  by  driving  some,  or  in 
extreme  case  all,  of  the  previously  basic  variables  to  zero.  The 
target  levels  in  (2)  ensure  that  the  new  alternative  will  be 
satisfactory  with  respect  to  the  objectives. 

The  HSJ  algorithm  proceeds  as  follows: 

Step  1    Obtain  any  initial  feasible  solution. 
Step  2    Obtain  an  alternative  solution  by  solving 

the  formulation  of  (l)-(3). 
Step  3    Add  the  new  nonzero  basic  decision 

variables  from  step  2  to  the  equation 

in  (1)  and  resolve  to  generate  another 

alternative  solution. 

The  algorithm  proceeds  until  one  or  more  of  the  following 
cases  occur;  1)  all  decision  variables  have  been  added  to  the 
objective  function,  2)  generated  alternative  solutions  fail  to 
be  significantly  different  from  previously  generated  solutions, 
or  3)  the  decision  maker  feels  a  significant  number  of 
alternatives  have  been  found. 

To  demonstrate  the  applicability  of  MGA,  a  sample  planning 
problem  is  described  for  illustrative  proses.   The  sample  problem 


consists  of  only  two  analysis  areas  from  the  Shawnee  National 
Forest.  These  were  picked  arbitrarily  to  represent  hardwood 
stands  of  different  ages  that  are  available  for  timber  harvest. 

Analysis  area  #1  contained  1906  acres  located  on  the  west 
side  with  consolidated  ownership  (on  the  average  69%  of  the  land 
is  contained  in  the  National  Forest  System) .  This  is  a  hardwood 
stand  on  a  good  upland  site  with  a  slope  of  30%  or  below.  The 
existing  vegetation  is  50  years  of  age  in  the  post  and  poles 
class.  Analysis  area  #2  contained  11693  acres  similar  to  #1  in 
all  aspects  except  for  the  age  which  is  70  years  and  consisting 
mainly  of  sawtimber. 

Each  analysis  area  can  be  managed  under  any  or  all  of  the 
four  management  emphases:  A)  small  evenage  hardwoods  and  roaded 
natural  nonmotorized  recreation  (SRNNM) ,  B)  small  evenage 
hardwoods  and  roaded  natural  motorized  recreation  (SRNM) ,  C) 
large  evenage  hardwoods  and  roaded  natural  nonmotorized 
recreation  (LRNNM) ,  and  D)  small  evenage  hardwoods  and  roaded 
natural  motorized  recreation  (LRNM) .  These  emphases  were  very 
common  across  all  the  analysis  areas  and  were  chosen  for  this 
reason. 

The  formulated  sample  problem  followed  the  Model  II  Version  1 
formulation  rules  of  FORPLAN  used  by  the  Shawnee  National  Forest. 

Four  objective  functions  were  used  to  develop  different 
initial  solutions.  The  objective  functions  include;  1)  maximize 
present  net  value  (PNV) ,  2)  maximize  roaded  natural  nonmotorized 
recreation  (RNNM) ,  3)  maximize  roaded  natural  motorized 
recreation  (RNM) ,  and  4)  maximize  wildlife  recreation  (WLD) .  PNV 
was  maximized  for  15  periods  and  is  in  units  of  dollars.  RNNM, 
RNM,  and  WLD  was  maximized  for  the  first  5  periods  and  is  in 
units  of  recreation  visitor  days  (RVD) . 

The  sample  problem  models  13,599  acres  of  the  original 
242,453  acres  available  for  timber  harvest  on  the  Shawnee 
National  Forest. 

Results  and  Discussion 

Twenty  seven  alternatives  were  generated  from  various  MGA 
formulations.  These  27  alternatives  can  be  divided  into  two 
categories;  decision  space  based  (DSB)  and  objective  space  based 
(OSB) .  DSB  alternatives  were  generated  by  using  the  HSJ 
formulation  given  in  equations  (l)-(3).  Successive  alternatives 
were  generated  by  adding  new  basic  variables  to  the  objective 
function.  Thus,  the  variables  in  the  decision  space  are 
manipulated  by  driving  some  of  them  to  zero  and  adding  new  basic 
variables  to  the  formulation. 

OSB  alternatives  are  generated  by  manipulating  the  target 
levels.  The  OSB  alternatives  contained  all  of  the  "active"  (i.e. 
those  variables  which  represent  a  management  action)  decision 


variables  in  the  objective  function  in  (1)  in  order  to  produce  an 
alternative  which  contained  the  most  important  variables  with 
respect  to  the  feasible  decision  space.  Those  variables  which 
were  not  important  were  driven  to  zero.  With  all  of  the 
variables  in  the  objective  function  the  additional  generation  of 
alternatives  required  a  new  set  of  target  levels  to  be  defined. 

Of  the  27  alternatives,  six  were  selected  for  further 
analysis.  The  six  selected  alternative  solutions  represent 
alternatives  which  are  different  with  respect  to  the  two  criteria 
used  in  a  screening  method.  The  first  criterion  includes  the  sum 
of  the  decision  variable  values  corresponding  to  each  of  the  four 
management  emphasis  which  represented  management  actions  during 
the  first  fifty  years.  The  second  criterion  is  the  sum  of  the 
four  objective  values.  Recall  that  the  recreation  objectives, 
RNNM,  FINM,  and  WLD,  were  maximized  for  the  first  fifty  years. 
The  first  two  alternatives  proved  to  have  the  greatest  absolute 
pairwise  difference  with  respect  to  the  first  criterion  while  the 
remaining  four  alternatives  had  the  greatest  differences  with 
respect  to  the  second  criterion. 

During  the  decision  process,  the  decision  maker  may  decide  he 
would  like  to  view  other  alternatives.  This  can  be  done  easily. 
However,  previous  studies  have  shown  that  the  desirable  set  of 
alternatives  to  review  should  include  no  more  than  six  at  one 
time  to  permit  better  understanding  and  avoid  an  over  abundance 
of  information. 

Figure  1  shows  the  number  of  acres  allocated  to  each 
management  emphasis  for  the  six  selected  alternative  solutions. 
Only  the  acreage  allocation  of  the  first  five  periods,  (i.e. 
fifty  years)  is  shown.  The  recreation  objectives  were  only 
traced  for  the  first  fifty  years.  Information  pertaining  to  the 
last  100  years  would  only  reflect  the  PNV  objective.  From  visual 
inspection  alone,  the  differences  can  be  seen.  Alternative  1 
allocates  no  land  to  emphasis  C,  (large  evenage  hardwoods  and 
RNNM  recreation) .  Alternative  2  utilizes  all  management  emphases 
with  the  exception  of  A,  (small  evenage  hardwoods  and  RNNM 
recreation) .  In  contrast,  alternatives  3,  and  4  only  allocate 
land  to  emphasis  A.  Alternative  5  allocates  land  to  emphasis  A 
and  a  few  acres  to  emphasis  B,  (small  evenage  hardwoods  and  RNM) . 
Alternative  6  is  very  similar  to  alternative  5. 

When  a  decision  maker  is  searching  for  a  best  alternative 
solution  he  should  also  consider  the  objective  values.  One 
mistake  many  decision  makers  make  during  the  decision  making 
process  is  to  consider  only  the  objective  values  as  the  decision 
criteria.  To  gain  some  useful  insights  for  public  policy 
decision,  both  the  decision  space  and  objective  space  should  be 
searched. 


Figurel :  Management  emphasis  acreage  allocation 
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Table  1  shows  a  comparison  of  the  objective  values  for  each 
of  the  six  selected  alternatives.  Alternatives  1  and  2  show  very 
low  levels  for  the  RNNM  objective.  Low  levels  of  the  RNM 
objective  is  shown  for  alternatives  3,4,5,  and  6. 


Table  1:  Objective  values  of  the  selected  alternatives 


alternative 
1 
2 
3 
4 
5 
6 


PNV 
2257227 
2257227 
2539380 
1996065 
2539380 
2539380 


RNNM 

60969 

60969 

478340 

548722 

487753 

487753 


RNM 
1767158 
1767158 
138774 
167325 
167902 
167902 


221120 
211192 
217510 
169509 
211192 
211192 


WLD 


Conclusion  and  Remarks 

MGA  is  an  enhancement  of  the  present  form  of  FORPLAN.  With  a 
slight  revision  of  the  current  technique,  MGA  will  provide  a  wide 
range  of  alternatives  which  are  different  but  satisfactory  with 
regards  to  the  objectives.  These  variety  of  alternatives  will 
allow  the  decision  maker (s)  to  gain  better  insight  and 
understanding  of  the  planning  problem  and  consequently  make  more 
informed  and  less  biased  decisions.  MGA  may  not  be  the  answer  to 
all  of  the  planning  problems  in  the  National  Forests  but  it 
provides  an  easy  technique  which  is  adaptable  to  the  present 
form  of  FORPLAN. 

This  study  indicated  that  MGA  is  capable  of  generating 
different  but  satisfactory  alternative  solutions  within  the 
FORPLAN  modeling  environment.  The  six  selected  alternative 
solutions  represented  the  six  most  different  alternatives  with 
respect  to  the  criteria  used  in  the  screening  technique.  It  is 
apparent  that  the  responses  of  the  forest,  including  timber  and 
nontimber  outputs,  to  the  proposed  management  actions  of  these 
six  selected  alternatives  are  unique. 
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INTRODUCTION 

Woody  plants  from  23  genera  are  known  to  form  a  symbiotic 
N2-fixing  association  with  the  soil  actinomycete  Frankia  (Benson, 
1988)  .  These  actinorhizal  plants  are  found  primarily  in 
temperate  parts  of  the  world  but  also  occur  in  tropical  and 
arctic  regions.  They  contribute  substantially  to  the  nitrogen 
fertility  of  forest  and  other  ecosystems  (Dawson,  1986) . 
Ceanothus  americanus  is  the  only  native  actinorhizal  plant  in 
Central  Illinois.  This  woody  shrub  was  once  a  common  plant  in 
the  original  tallgrass  prairies,  oak  savannahs,  and  dry  oak 
woodlands  of  this  area.  Today  it  is  confined  to  a  few  prairie 
remnants.  Despite  the  lack  of  native  actinorhizal  plants  in  the 
fertile  soils  of  Central  Illinois,  exotic  Alnus  glutinosa, 
Elaeagnus  umbellata,  and  Elaeagnus  angustifolia,  usually  form 
root  nodules  when  planted  here,  indicating  that  Frankia  exist  in 
the  soil. 

Currently,  very  little  is  known  about  the  extra-nodular 
biology  of  Frankia  in  the  soil  environment.  Many  factors  have 
been  reported  to  influence  Frankia  presence  and  activity  in  soil. 
The  most  commonly  reported  are  pH  (Smolander,  1990;  Smolander  et 
al.,  1988;  Smolander  and  Sundman,  1987;  Griffiths  and  McCormick, 
1984)  and  soil  moisture  (Dawson  et  al.,  1989;  Righetti  et  al., 
1986) .  Other  factors  which  probably  influence  Frankia 
distribution  in  soils  include  soil  aeration  (Dawson  et  al., 
1989),  mineral  nutrients  (Smolander,  1990;  Righetti  et  al., 
1986),  soil  microflora  (Lynch,  1987;  Oremus,  1980),  and 
associated  vegetation  (Smolander,  1990) . 
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Frankia  is  usually  found  in  soils  beneath  nodulated  host 
plants  (Smolander,  1990;  Arveby  and  Huss-Danell,  1988;  Smolander 
and  Sundman,  1987;  Dawson  and  Klemp,  1987;  Oremus,  1980;  Van 
Dijk,  1979) .  This  observation  can  be  attributed  to  the  increase 
in  the  Frankia  population  in  host  nodules  followed  by  liberation 
of  the  endophyte  from  decaying  nodules.  Increased  Frankia 
populations  in  soil  might  also  be  attributed  to  a  facilitation  of 
saprophytic  Frankia   growth  in  the  rhizosphere  of  the  host  plant. 

Researchers  in  Europe  have  noted  increased  abundance  of 
Frankia  in  soils  beneath  species  of  native  Betula  trees 
(Smolander,  1990;  Smolander  and  Sundman,  1987;  Van  Dijk,  1984)  . 
This  observation  is  interesting  because  Betula  is  closely  related 
to  the  actinorhizal  genus  Alnus  —  both  are  in  the  family 
Betulaceae    . 

The  purpose  of  this  study  was  to  test  the  hypothesis  that 
Betula  nigra  increases  the  population  of  Frankia  infective 
particles  in  soil.  Our  objective  was  to  quantify  the  infective 
capacity  of  soil  beneath  a  plantation  of  B.  nigra  in  Central 
Illinois  relative  to  an  adjacent  natural  forest  stand  growing  on 
the  same  soil  type. 


METHODS 

Study  Site 

Frankia  abundance  was  assayed  in  two  forest  stands  located 
along  the  Sangamon  River  in  Champaign  County,  Illinois.  Both 
stands  are  located  on  the  same  soil  ped  which  is  classified  as 
Colo  silty  clay  loam  (Mount,  1982)  .  This  soil  formed  in 
noncalcareous,  silty  and  loamy  alluvial  sediments  (Mount,  1982)  . 
Flood  plain  forest  dominated  by  silver  maple  {Acer  saccharinum) 
green  ash  {Fraxinus  pennsylvanica) ,  and  sycamore  {Platanus 
occidentalis)  is  the  natural  vegetation  at  this  site  (Jones  and 
Bell,  1974)  . 

The  two  stands  used  in  this  study  are  approximately  5  meters 
apart  and  are  partially  separated  by  a  raised  road  bed.  One 
stand  is  a  plantation  of  B.  nigra  and  covers  approximately  0.25 
ha.  B.  nigra  is  found  naturally  in  the  lower  portion  of  the 
Sangamon  River  basin,  however,  this  location  is  approximately  60 
km  upstream  from  native  B.  nigra  (Jones  and  Bell,  1974),  which 
seems  to  be  restricted  to  sandier  soils  in  this  and  other  river 
systems  of  Illinois.  The  second  stand  is  a  natural  floodplain 
forest  as  described  above. 


Soil  Samplincr 

Soil  was  collected  by  shovel  from  5  randomly  selected 
locations  within  each  of  the  two  stands.  The  soil  samples  from 
within  each  stand  were  pooled  and  homogenized  by  removing  large 
roots  and  stones.  All  phases  of  the  soil  collection,  transport, 
and  handling  were  carried  out  using  sterile  equipment  and 
vessels . 

Seedling  Establishment 

The  abundance  of  Frankia  in  these  soils  was  assessed  using 
plant  infection  techniques.  Seedlings  of  actinorhizal  Alnus 
glutinosa  were  used  as  host  plants.  Seeds  were  surface 
sterilized  by  stirring  for  20  min  in  30%  (^/y)  ^2*^2*  After  5 
rinses  in  sterile  deionized  water,  the  seeds  were  sown  on  sterile 
silica  sand  wetted  with  -^/^-strength  complete  plant  nutrient 
solution  (Huss-Danell,  1978)  . 

Frankia  Abundance  in  Soils 

Two  plant  infection  techniques  were  used  to  assess  the 
quantity  of  infective  Frankia  particles  beneath  the  two  stands. 
In  the  first  method  6-week-old  Alnus  seedlings  were  planted 
directly  in  the  soil.  Twenty  five  plastic  pots  were  filled  with 
500  cm^  of  soil  from  beneath  each  of  the  two  stands.  In 
addition,  5  pots  of  autoclaved  soil  (60  min.  at  121  °C  and  0.1725 
MPa)  from  each  stand  were  used  as  controls.  Three  Alnus 
seedlings  were  planted  in  each  pot  and  were  watered  daily  with 
■'■/^-strength,  N-free  nutrient  solution.  After  10  weeks,  plants 
were  harvested  and  nodules  were  counted. 

The  second  technique  followed  the  procedure  of  Smolander  and 
Sundman  (1987) .  Three  3-week-old  Alnus  seedlings  were 
transferred  to  125  ml  plastic  cups  filled  with  ■^/2-strength 
nutrient  solution.  The  seedlings  were  suspended  by  rubber  serum 
stoppers  inserted  thru  screw  caps  on  the  cups.  After  3  weeks  the 
seedlings  were  exposed  to  various  serial  dilutions  of  soil 
suspension.  Two  hundred  cm--^  of  soil  from  each  of  the  pooled 
samples  was  diluted  to  2  1  with  ■'■/2-strength  nutrient  solution 
and  shaken  for  5  min.  500  ml  of  this  slurry  was  filtered  thru  3- 
mm  and  1-mm  sieves.  The  two  sieves  were  then  washed  with  500  ml 
of  nutrient  solution  bringing  the  total  volume  of  filtrate  to  1 
1.  This  soil  solution  was  then  used  directly  or  as  four  20-fold 
serial  dilutions  in  the  same  nutrient  solution.  Caps  with  the 
attached  seedlings  were  then  transferred  to  cups  containing  the 
appropriate  soil  dilutioh.  Five  cups  with  3  attached  seedlings 
per  cup  were  used  for  each  dilution  of  the  two  soils.  Ten  cups 
containing  nutrient  solution  with  no  soil  were  used  as  controls. 
After  6  days  in  these  cups  all  caps  with  the  suspended  seedlings 
were  transferred  to  N-free,  ■^/2-strength  nutrient  solution,  which 
was  changed  weekly.  After  10  weeks  nodules  were  counted  and  the 
nodulation  capacity  of  the  soils  were  calculated  following  the 
procedure  of  Van  Dijk  (1984) .  The  calculated  nodulation  capacity 
of  the  soils  is  an  index  of  the  soil's  ability  to  form  symbiotic 


root  nodules  on  the  host  plant  and  is  thus  an  approximation  of 
the  number  of  infective  Frankia  particles  (hyphae  and/or  spores) 
in  the  soil. 

All  plants  used  in  both  experiments  were  grown  in  a  growth 
chamber  at  25  °C  with  a  16  hr  photoperiod  (480  uE  m"^  s~^) . 


RESULTS 

Soil  collected  beneath  the  Betuia  nigra  plantation  produced 
more  nodules  per  pot  than  did  the  soil  collected  beneath  the 
adjacent  native  forest  stand  (Table  1)  .  The  difference  in  the 
mean  number  of  nodules  per  pot  between  the  two  soils  (44  versus 
14)  was  statistically  significant.  The  nodulation  of  plants  in 
autoclaved  soil  indicates  that  some  Frankia  propagules  may  be 
able  to  survive  the  autoclave  procedure.  Since  the  autoclaved  B. 
nigra  soil  produced  more  nodules  than  the  autoclaved  Acer  forest 
soil,  it  is  likely  that  partial  sterilization  rather  than 
contamination  accounts  for  nodulation  in  autoclaved  soils. 


Table  1.   Mean  number  of  nodules  produced  per  pot  on  Alnus 
glutinosa   seedlings  growing  in  500  cm^  of  field  soil. 


Source  of 
Soil 


Mean  number  of 
_  1 

nodules  pot  ^ 


Standard  Error 


LSD  grouping 
alpha  =0.05 


B.    nigra   stand     44 

Bottomland        14 
forest 


2.7 

0.7 


a 
b 


B.    nigra   stand 
(autoclaved) 


11 


1.4 


be 


Bottomland 

forest 

(autoclaved) 


0.6 


Soil  collected  beneath  the  B.  nigra  plantation  produced 
significantly  more  nodules  on  A.  glutinosa  seedlings  than  did 
soil  from  under  the  native  bottomland  forest  when  soil  dilutions 
were  used  as  an  inoculum  (Table  2)  .  In  soil  beneath  B.  nigra, 
Frankia  abundance  was  calculated  as  1.66  Frankia  nodulation  units 
(nu)  cm~^  soil,  and  0.05  nu  cm~-^  beneath  the  adjacent  Acer  stand. 
A  nodulation  unit  as  calculated  here  is  any  Frankia  particle 
which  leads  to  the  development  of  a  root  nodule,  the  number  of 
nodulation  units  is  thus  an  estimation  of  the  size  of  the 
infective  soil  Frankia  population.  All  of  the  nodulated  plants 
in  both  experiments  that  were  evaluated  for  acetylene  reduction 
were  found  to  be  effective  at  fixing  N2 . 


Table  2.   Mean  number  of  nodules  produced  in  cups  of  Alnus 
glutinosa   inoculated  with  various  soil  dilutions.   No  nodules 
were  detected  on  control  plants. 


Source  of 

Inoculum  qu 

Soil 

(< 

3m-^  soil 

B.    nigra 

■^ 

6.25 

stand 

3.125  X 

1.5625  X 

7.8125  X 

3.9063  X 

Bottomland 

6.25 

forest 

3.125  X 

:up 


Mean  number  of  nodules 
produced  cup"-^  (n=5) 


10 


-1 


10 
10 
10 


-2 


-5 


10 


-1 


10 


-2 


1.5625  X 
7.8125  X  10 
3.9063  X  10"^ 


,-4 


25 

21 

17 

12 

22 

31 

22 

9 

39 

3 

10 

3 

8 

3 

7 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

These  soil  quantities  were  selected  for  calculation  of 
nodulation  capacity  because  they  showed  a  linear  relationship 
with  nodulation.   See  Van  Dijk  (1984)  for  explanation  of 
calculation  methods. 


CONCLUSION 

These  results  are  consistent  with  findings   from  Europe 
(Smolander,  1990;  Smolander  and  Sundman,  1987;  Van  Dijk,  1984) 
that  there  is  increased  abundance  of  infective  soil  Frankia 
beneath  local  native  species  of  Betula.       This  study  is  the  first 
report  of  elevated  soil  Frankia   populations  beneath  Betula   stands 
from  North  America.    B.     nigra    is  often  associated  with  Alnus 
serrulata    in  riparian  forests  of  the  southeastern  United  States, 
particularly  on  coarse  textured  soils  low  in  organic  matter.   The 
fact  that  this  exotic  planting  of  B.  nigra    harbors  more  soil 
Frankia     than  the   adjacent   native   forest   on  the   same   soil 
indicates  that  B.  nigra     may  enhance  the  growth,   infectivity, 
and/or  survival  of  free-living  Frankia.      Some  possible  mechanisms 
for  soil  Frankia   promotion  by  Betula    will  be  examined  in  future 
research. 
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I nt r odu ct i on 

Actinorhizal  plants  form  root  nodules  with  soil 
actinomycetes  of  the  genus  Frankia,  which  are  capable  of 
fixing  atmospheric  nitrogen  (Zitzer  and  Dawson,  1989) .  The 
host  plants  belong  to  8  diverse  families  and  24  genera 

(Dawson,  1986) .  All  genera  but  one,  Datisca,  are  trees  and 
shrubs.  Their  native  habitats  range  from  the  tropics  to  the 
arctic,  and  from  bogs  to  deserts  (Dawson,  1983) .  There  are 
a  limited  number  of  actinorhizal  species  with  commercial 
value,  for  example,  Alnus  rubra  (Smith,  1968) .  However, 
because  of  their  ability  to  fix  nitrogen  and  colonize  poor 
sites  or  abused  lands,  many  actinorhizal  species  have  the 
potential  to  be  used  as  nurse  crops  or  for  land  reclamation 

(Kohnke,  1941,  Funk  et  al.,  1979).  In  order  to  evaluate  the 
potential  of  various  actinorhizal  species  for  survival  and 
growth  in  Illinois  and  other  similar  temperate  climates,  35 
actinorhizal  species  were  planted  in  a  trial  plot  on  the 
University  of  Illinois  campus  in  Urbana-Champaign. 

Methods 

All  plants  were  grown  from  seed.  The  seeds  were 
collected  from  plants  in  their  native  habitats,  ordered  from 
commercial  seed  companies  or  obtained  from  researchers 
studying  actinorhizal  plants.  When  information  on  seed 
dormancy  was  available,  appropriate  stratification  and 
scarification  treatments  were  used  to  maximize  germination 
rates  (Schopmeyer,  1974).  Seeds  were  sown  in  a  1:1:1  non- 
sterile  mixture  of  peat : soil :perlite  or  vermiculite.  The 
soil  was  collected  from  the  Al  or  mollic  epipedon  of  a  local 
Argiudoll.  Plants  were  grown  under  natural  light  in  a 
heated  greenhouse.  The  seedlings  received  3  to  4 
applications  of  a  complete  fertilizer  each  year  in  the 
greenhouse.      In   cases   where   appropriate   soil-borne 
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Frankia    strains  capable  of  nodulating  exotic  host  species 

were   lacking,   seedlings   were   inoculated  with   infective       f 

strains  of  Frankia   grown  in    vitro.      For  all  seedlings  except 

Ceanothus    spp.,  nodules  were  observed  on  seedlings  prior  to 

or  during  field  planting. 

The  first  field  plantings  were  made  on  20-23  June  1983 
and  12  July  1984.  All  seedlings  were  9  to  20  months  old  at 
the  time  of  planting.  However,  because  many  of  the  species 
planted  had  uninodal  or  determinate  growth  patterns,  little 
or  no  height  growth  occurred  during  their  first  year  in  the 
field.  Subsequent  plantings  were  made  on  17  May  1985, 
15  May  1986  and  18  May  1987,  after  the  possibility  of  frost 
was  minimal.  The  seedlings  were  planted  at  8m  x  8m  spacings 
in  a  64m  x  112m  plot.  The  soil  series  in  the  plot  is  Catlin 
Silt  Loam,  fine-silty,  mixed,  mesic,  Typic  Argiudoll 
(Champaign  County  Soil  Survey  1982)  located  directly  south 
of  the  Horticultural  Field  Laboratory  on  the  University  of 
Illinois  Urbana  campus  (89°W,  40°N) .  After  field  planting 
none  of  the  seedlings  were  fertilized  or  watered.  The  areas 
between  plants  and  rows  were  mowed  3  to  4  times  a  year. 
Height  data  was  collected  during  fall  or  winter. 

Results  and  Discussion 

The  percentage  of  survival  and  mean  annual  height  ^ 
increases  of  actinorhizal  species  is  shown  in  Table  1.  From 
a  total  of  175  individuals  planted  over  a  4-year  period,  68 
survived.  As  expected,  genera  and  species  from  temperate 
regions  had  the  best  survival  rates.  Survival  of  the  14 
Alnus  spp.  is  representative  of  this  relationship.  There 
was  55%  mortality  among  all  alders  planted,  but  78%  of  it 
was  associated  with  browsing  by  rabbits  immediately  after 
planting  or  during  winter.  The  2  semi-tropical  alders, 
A.  formosana  and  A.  nepalensis,  were  not  even  chill 
tolerant,  having  been  killed  by  fall  temperatures  between 
2-5°C.  Alder  species  intermediate  in  cold  tolerance  were 
warm  temperate  A.  rhombifolia,  A.  oblongifolia  and  A.  rubra. 
Each  of  these  species  froze  back  to  the  root  collar  during 
winter  for  several  years  prior  to  death,  or  resprouted 
continuously  in  the  case  of  A.  rubra.  All  the  other  alder 
species  were  tolerant  of  the  local  winters.  They  tended  to 
retain  green  leaves  late  in  the  fall  until  severe  frost 
killed  them.  Cold  conditioning  for  3  alder  species  has  been 
found  to  be  more  important  for  induction  of  frost  hardiness 
than  was  a  reduced  photoperiod  (Tremblay  and  Lalonde,  1986) . 
The  same  study  also  found  A.  glutinosa  to  be  more  frost 
hardy  than  A.  rubra.  Furthermore,  it  has  been  shown  that 
Alnus  spp.  retain  foliar  nitrogen  and  leaf  photosynthetic 
capability  late  into  the  autumn  regardless  of  daylength 
(Neave  et  al.  1989).  Meanwhile,  other  temperate  deciduous 
tree  species  are  resorbing  significantly  more  of  their  leaf 
nitrogen  prior  to  winter  dormancy  (Cote  and  Dawson,  1986)  . 


There   seemed   to   be   intraspecif ic   variability   in   cold 
hardiness  among  the  plants  in  our  field  trial.   For  example, 
2  of  3  A.  ohlongifolia   trees  died  from  apparent  cold  damage 
while  the  third  tree  tolerated  freezing  temperatures,  even 
the  severe  winter  of  1985-86. 

Similarly,  within  the  other  actinorhizal  genera  only 
the  species  of  temperate  origin  had  survival  rates  greater 
than  40%.  Species  with  no  cold  tolerance  were  Casuarina 
equisetifolia,  Casuarina  lepidopholiaf  Myrica  puhescens  and 
Datisca  glomerata.  Species  that  froze  back  to  the  root 
collar,  but  survived  2  to  3  winters  or  until  the  severe 
winter  of  1985-8  6  were  Elaeagnus  pungens,  Myrica  cerifera 
and  Coriaria     myrtifolia.  Within  Ceanothus     all  but   C. 

americanus  and  C.  integerrimus  seemed  to  lack  hardiness  in 
East  Central  Illinois,  but  the  survival  of  these  two  species 
was  significantly  reduced  due  to  severe  browsing  by  rabbits. 
Similarly,  all  Elaeagnus  angustifolia  and  Shepherdia 
canadensis  mortality  was  the  result  of  browsing  by  rabbits. 
Despite  some  browsing  and  bark  removal  by  rabbits  during  the 
winter,  Shepherdia  argentea,  Hippophae  rhamnoides  and  Myrica 
pensylvanica   had  survival  rates  greater  than  75% 

A  comparison  of  annual  shoot  extension  rates  for  all 
Alnus  spp.  is  shown  in  Table  2.  Despite  the  lack  of 
survival,  A.  rhombifolia  had  the  greatest  growth  increments, 
121.5  cm/year,  signficantly  greater  than  all  other  Alnus 
spp.  except  A.  incana  ssp.  incana.  It  is  interesting  to 
note  that  A.  incana  ssp.  incana  had  a  greater  mean  height 
growth  increment  than  the  more  commonly  planted  A. 
glutinosa.  In  general,  Alnus  spp.  with  growth  rates  greater 
than  50  cm/yr  tended  to  be  single-stemmed  and  tree-like  in 
their  growth  form.  Those  species  with  height  growth  rates 
less  than  50  cm/yr  tended  to  be  multiple-stemmed  and  shrub- 
like. This  relationship  also  holds  for  the  species  compared 
in  Table  3.  Myrica  cerifera  grew  signficantly  faster  in 
height  than  any  of  the  other  actinorhizal  species  except 
Alnus  spp.  Both  M.  cerifera  and  Elaeagnus  angustifolia  had 
annual  height  increments  greater  than  50  cm/yr  and  a  growth 
form  more  similar  to  that  of  trees  in  contrast  with  the 
other  shrub  species  in  Table  3.  Annual  height  growth  is,  of 
course,  not  well  correlated  with  annual  biomass  production 
nor  with  nitrogen  fixation  rates.  The  survival  rates  of 
plants  listed  in  Table  1  would  have  been  signficantly 
greater  without  rabbit  or  rodent  damage.  Some  of  the 
actinorhizal  plant  species  which  lack  cold  hardiness  may 
still  have  potential  for  use  in  temperate  regions  as  an 
annual  green  manure. 


Table  1.   Survival  and  growth  rates  for  35  actinorhlzal  species  planted  on  an  Argiudoll 
in  East  Central  Illinois. 


Family 


Genus 


Species 


Number     Percent    Annual  Height     No.  of  Height 
Planted    Survival    Increment        Increment 

Measurements 


Betulaceae      Alnus 


Rhamaceae       Ceanothus 


Elaeagnaceae    Elaeagnus 


Shepherdia 


glutlnosa 

22 

Incana   ssp.  incana 

16 

maritima 

12 

maximowiczii 

8 

incana   ssp.  rugosa 

4 

oblongi folia 

4 

inokumai 

3 

rhombifolia 

3 

japonica 

3 

rubra 

2 

serrulata 

2 

nepalensis 

2 

viridis   ssp.  sinuata 

2 

for mo  Sana 

1 

americanus 

6 

integerrimus 

5 

impressus 

4 

cuneatus 

3 

sanguineus 

3 

r  amnios  us 

3 

gloriosus 

1 

griseus 

1 

angustifolia 

20 

pungens 

5 

umbellata 

1 

argentea 

9 

canadensis 

3 

32 
62 

33 

38 

100 

25 

100 

0 

67 

100 

100 

0 

0 

0 

67 

0 
0 
0 
0 
0 
0 
0 

40 

0 

100 

78 

0 


70.8  +  28.2 

94.4  +  34.5 

33.5  +  11.1 
17.1  +  19.3 
37.1  +  23.3 

38.4  +  31.2 

53.0  +  13.0 
121.5  +  55.9 

77.5  +  48.4 
58.7  +  16.2 
29.7  +  11.2 
38.7  +  22.9 
39.7  +  27.0 
62.5  +  17.7 

34.1  +  18.0 


53.2  +  23.8 

17.2  +  7.0 

35.3  +  7.8 

45.8  +  16.5 


5 

16 

12 

13 

11 

7 

9 

3 

6 

3 

6 

3 

3 

2 


5 
5 
3 

11 


Hippophae 


rhamnoides 


83 


34.4  +  26.2 


13 


Myricaceae      Myrica 


Casuarinaceae  Casuacina 


pensylvanica 

cerifera 

pubescens 

equisetifolia 
lepddophloia 


5 

100 

31.8  +  11.1 

13 

3 

0 

74.5  +  13.9 

6 

2 

0 

* 

1 

0 

56.0  +  0 

1 

1 

0 

* 

Coriaraceae     Coriaria 


Datiscaceae     Datisca 


myrti  folia 
glomerata 


69.8  +  23.7 


*Some  height  increase  occurred  before  these  plants  died,  but  the  shoots  were  destroyed  by  rabbits  or 
frost  before  height  measurements  could  be  taken. 


Table  2.   Analysis  of  variance  for  annual  height  growth  increment  of  14  species 
of  alder  planted  on  an  Argiudoll  in  East  Central  Illinois. 


Source 

Model 

Error 

Corrected  Total 


Sum  of 

Mean 

DF 

Squares 

Sc[uare 

F  Value 

Pr  >  F 

13 

72091 

5545 

7.98 

0.0001 

84 

58366 

695 

97 

130457 

Duncan  Grouping 


Annual 
Growth  (cm)    N 


Alnus  sp: 


B 
B 
B 
B 
B 
B 
B 
B 
B 

E 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


A* 

A 

A 

0 
C 
C 

C 

c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 


D 
D 
D 
D 

D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 


121.50 
94.37 
77.50 
70.80 
62.50 
58.67 
53.00 
39.67 
38.67 
38.43 
37.09 
33.50 
29.67 
17.08 


2 

16 
6 
5 
2 
3 

9 

3 

3 

7 

11 

12 

6 

13 


rhombi folia 

incana    ssp.  incana 

japonica 

glutinosa 

formosana 

rubra 

inokumai 

viridis   ssp.  sinuata 

nepalensis 

obi ongifolia 

incana    ssp.  rugosa 

maritima 

serrulata 

maximowiczii 


*Means  preceded  by  the  same  letter  are  not  significantly  different  at  the 
alpha  =0.05  level. 


Table  3.   Comparison  of  annual  height  growth  increment  of  several  actinorhizal 
shrubs  planted  on  an  Argiudoll  in  East  Central  Illinois 


Dependent  Variable:  HEIGHT 

Sum  of         Mean 
Source  DF         Squares       Square       F  Value     Pr  >  F 

Model  5  9778         1956  5.46      0.0004 

Error  51  18268  358 

Corrected  Total      56  2804  6 

R-Square        C.V.        Root  MSE      HEIGHT  Mean 
0.348646      45.23161      18.92586       41.8421053 

Duncan'  s  Multiple  Range  Test  for  variable  HEIGHT  (cm/year) 

Duncan  Grouping     Mean        N      Species 

Myrlca    cerifera 

Elaeagnus   angusti folia 

Shepherdia    argentea 

Hippophae   rhamnoides 

Ceanothus   americanus 

Myrica   pensylvanica 

*Means  preceded  by  the  same  letter  are  not  significantly  different  at  the 
alpha  =0.05  level. 


A* 

74.500 

6 

B 

53.200 

5 

B 

c 

B 

45.818 

11 

c 

B 

c 

B 

34.385 

13 

c 

B 

c 

B 

34.111 

9 

c 

c 

31.846 

13 

References 

Dawson,  J.  0.  1983.  Consensus  paper:  Dinitrogen  fixation 
in  forest  ecosystems.   Can.  J.  Microbiol.  29:979-992. 

Dawson,  J.  0.  1986.  Actinorhizal  plants:  Their  use  in 
forestry  and  agriculture.  Outlook  on  Agriculture 
15:202-208. 

Funk,  D.  T.,  R.  C.  Schlesinger  and  F.  Ponder.  1979.  Autumn 
olive  as  a  nurse  plant  for  black  walnut.  Bot .  Gaz .  140 
(Suppl. ) :S110-S114. 

Kohnke,  H.  1941.  The  black  alder  as  a  pioneer  tree  on  sand 
dunes  and  eroded  land.   J.  For.  39:333-334. 

Schopmeyer,  C.  S.  1974.  Seeds  of  woody  plants  in  the 
United  States.  USDA  Agricultural  Handbook  No.  450, 
883p. 

Smith,  J.  H.  1968.  Growth  and  yield  of  red  alder  in 
British  Columbia.  In  Biology  of  Alder.  J.  M.  Trappe, 
R.  F.  Tarrante,  J.  F.  Franklin,  and  G.  M.  Hansen  eds . 
Pac.  NW  Forest  and  Range  Exp.  Sta.,  Portland,  OR, 
p.  273-286. 

Tremblay,   M.,   and  M.   Lalonde.  1986.     The   effect   of 

photoperiod  and  temperature  on  the  development  of  frcst 

hardiness  in  3  Alnus    species.  Physiol.  Plant.  70:327- 
331. 

Zitzer,  S.  F.,  and  J.  0.  Dawson.  1989.  Seasonal  changes  in 
nodular  nitrogenase  activity  of  Alnus  glutinosa  and 
Elaeagnus   angustifolia.      Tree  Physiol.  5:185-194. 


( 


( 


FORESTRY  RESEARCH  ^"'"^^"«^  "-^ 

3^^  REPORT  agricultural  experiment  station 

department  of  forestry  university  of  illinois  at  urbana-channpaign 
No.    91-1  January,    1991 


AN  INTEGRATED  MANAGEMENT  SUPPORT  AND  PRODUCTION  CONTROL  SYSTEM 

FOR  HARDWOOD  FOREST  PRODUCTS 

Guillermo  A.  Mendoza-*- 

William  Sprouse"^ 

William  G.  Luppold^ 


Philip  Araman^ 
Roger  J.  Meimban-'- 


ABSTRACT 

Spreadsheet  and  simulation  models  are  tools  which  enable 
users  to  analyze  a  large  number  of  variables  affecting  hardwood 
material  utilization  and  profit  in  a  systematic  fashion.  This 
paper  describes  two  spreadsheet  models;  SEASaw  and  SEAIn,  and  a 
hardwood  sawmill  simulator.  SEASaw  is  designed  to  estimate  the 
amount  of  conversion  from  timber  to  lumber,  while  SEAIn  is  a  log 
inventory  module.  The  two  spreadsheet  modules  are  currently 
being  interfaced  and  linked  to  an  integrated  system  which  will  be 
optimized  under  the  same  spreadsheet  environment.  The  simulator 
has  the  capability  to  describe  in  real  time,  the  system 
performance  of  a  hardwood  sawmill  under  any  specified  operating 
conditions . 

INTRODUCTION 

The  efficient  utilization  of  hardwood  material  has  been  a 
primary  concern  of  forest  product  manufacturers  for  a  number  of 
years.   However,  efficient  utilization  should  be  viewed  not  only 


■^Associate  Professor  and  Visiting  Scientist,  Department  of 
Forestry,  University  of  Illinois,  Urbana,  IL;  ^Resource  Analyst. 
Core  of  Engineer  Research  Laboratory  (CERL),  Champaign,  IL;  ^ 
Project  Leader,  Northeastern  Forest  Experiment  Sta.,  Princeton, 
WV;  ^Project  Leader,  Southeastern  Forest  Experiment  Sta., 
Blacksburg,  VA.  This  study  was  supported  in  part  by  the  USDA 
Forest  Service  Southeastern  Forest  Exp.  Sta.  and  NorijSeastern 
Forest  Exp.  Sta.  *,^ 


THE  ILLINOIS  AGRICULTURAL  EXPERIMENT  STATION  PROVIDES  EQUAL  OPPORTUNITIES  IN  PROGRAMS  AND  EMPLOYMENT 


in  terms   of   increased  product  yields   but  also  in  terms   of 
economic  efficiency  — that  is,  increased  revenues  from  the 
utilization   of   hardwood   trees — from  bucking   to   the   primary 
processing  of  the  logs  to  various  intermediate  or  final  products. 

Several  interrelated  activities  are  involved  in  converting  a 
tree  into  logs,  and  the  logs  into  finished  lumber.  After  the 
tree  is  felled,  the  limbs  from  the  main  trunk  are  removed,  and 
subsequently  the  trunk  or  stem  is  cut  into  shorter  logs .  Bucked 
logs  are  then  transported  to  the  mill  and  allocated  to  one  or 
more  primary  processing  mills  such  as  a  sawmill  or  veneermill. 
The  logs  are  subsequently  sawn  into  lumber  or  sliced  or  peeled 
into  veneer. 

Under  each  step  or  activity,  there  exists  a  number  of 
decisions  and  options  upon  which  the  potential  yield  or  profit 
depends.  These  decisions  present  opportunities  for  increased 
economic  return,  or  may  also  result  in  lost  profits  or  reduction 
in  the  potential  value  obtainable  from  the  tree. 

Besides  the  physical  activities  or  steps,  other  factors  also 
affect  the  potential  returns  from  the  production  and 
manufacturing  processes.  These  factors  include  the  quality  or 
grade  of  the  raw  material  and  products,  the  market  or  demand 
schedule  for  the  products,  and  the  sources  and  availability  of 
raw  materials.  All  these  factors  should  be  considered, 
individually  or  collectively  depending  on  the  business  interests 
of  the  forest  product  firm. 

The  hardwood  forest  product  industry  is  very  diverse, 
covering  a  wide  variety  of  enterprises — from  timber  buyers, 
logging  contractors,  sawmills,  and  other  single-product  firms;  to 
the  more  progressive  and  integrated  wood  utilization  complexes 
producing  a  variety  of  products,  such  as  logs,  lumber,  veneer, 
and  dimension  parts  or  cuttings.  Each  of  these  enterprises  is  in 
some  way  unique  and  adopts  different  management  strategies. 

Regardless  of  the  nature  of  the  forest  product  firm,  the 
managers  are  often  faced  with  complex  decision  problems  in 
attempting  to  achieve  the  maximum  value  from  the  raw  materials, 
given  constraints  on  the  market,  existing  inventory  stock,  and 
supply  of  raw  materials.  For  instance,  log  buckers  are  faced 
with  the  problem  of  determining  the  optimal  bucking  or  cutting 
pattern  for  trees  with  different  quality,  dimension  and  species. 
The  optimal  mix  of  log  grade  combination  produced  will  depend  not 
only  on  the  tree  bucked  but  the  intended  end-use  products  (e.g., 
sawlogs,  veneer  logs,  etc.).  Likewise,  the  headrig  sawyer  should 
consider  the  result  of  the  sawing  process  in  deciding  which  mix 


of  certain  thicknesses  of  lumber  should  be  produced  given  the 
current  market  prices  and  the  recovery  of  various  lumber  grades . 

Considering  the  complex  decision  problem  and  the  multiple 
options  facing  the  manager  of  a  forest  products  firm,  it  is 
imperative  that  he  have  at  his  disposal  some  decision-aiding 
tools  that  allow  him  to  evaluate  his  options.  With  the  help  of 
these  tools,  the  manager  is  better  able  to  make  sound  judgments, 
and  consequently,  better  decisions. 

The  work  described  in  this  paper  is  a  part  of  a  larger 
project  involving  the  development  of  a  computer-assisted  decision 
support  system  for  the  primary  processing  of  hardwood  forest 
products.  To  date,  three  computer  programs  have  been  partially 
developed.  The  first  two  are  spreadsheet-based  models  and  the 
last  is  a  real-time  simulator  for  hardwood  sawmills. 


SAWMILL  SPREADSHEET  MODELS 

Microcomputer  spreadsheets  have  proven  to  be  versatile  tools 
for  managers  in  a  variety  of  manufacturing  enterprises. 
Spreadsheet-based  models  have  been  developed  for  a  number  of 
production  and  inventory  management  problems  such  as  forecasting, 
inventory  control,  and  production  planning  and  scheduling. 
Personal  computer  spreadsheet  software  are  now  routinely  used  in 
a  number  of  ways  and  functions  but  primarily  as  a  decision 
support  to  assist  managers  in  their  planning  and  decision  making 
process . 

The  basic  framework  and  operational  characteristics  of 
spreadsheets  make  them  useful  tools  for  sawmill  production  and 
operation  planning.  Potential  areas  for  their  application 
include:  product  pricing,  production  planning  including 
distribution,  log  procurement,  and  financial  analysis, 
particularly  bid  analysis.  Developing  modules  (or  templates)  for 
each  of  these  problem  areas  under  the  spreadsheet  environment  is 
another  convenient  feature  of  spreadsheet  models.  These  modules 
can  also  be  linked  or  "interfaced"  together  to  form  a  more 
comprehensive  and  integrated  system.  All  these  can  be  done  using 
"built-in"  capabilities  of  the  spreadsheet. 

Two  spreadsheet  based  models  have  been  developed  for 
hardwood  sawmills,  namely:  SEAsaw  (Spreadsheet  Environment 
Analysis  for  Sawmills),  and  SEAin  (Spreadsheet  Environment 
Analysis  Inventory) .  Both  SEAsaw  and  SEAin  were  developed  using 
Lotus  123  (Lotus  Dev.  Corp)  spreadsheet  environment.  They  are 
designed  to  take  advantage  of  Lotus's  MACRO  capabilities.    A 


MACRO  is  a  pseudo-program  which  performs  any  series  of  Lotus 
commands.  To  invoke  a  MACRO,  the  user  presses  a  "hot-key,"  which 
in  Lotus  is  the  ALT  key  and  one  other  predefined  key  from  A  to  Z . 
In  Lotus,  a  MACRO  can  also  be  defined  to  automatically  start  when 
the  Lotus  worksheet  file  is  "opened." 

SEASaw  Module 

The  actual  equations  used  for  estimating  the  conversion  of 
lumber  from  standing  trees  are  easily  constructed  in  a  Lotus 
spreadsheet  environment.  However,  entering  individual  data, 
coefficients,  and  equations  can  be  time  consuming,  cumbersome, 
and  even  confusing.  To  alleviate  this  problem,  SEAsaw's  MACRO 
conveniently  provides  a  user-friendly  and  menu  driven  spreadsheet 
for  entering  data,  equations,  and  other  information.  Once  the 
SEAsaw  file  is  loaded  into  Lotus,  the  MACRO  will  take  over  and 
begin  "asking"  the  user  for  responses  to  questions  which  are 
typically  Yes  or  No,  or  multiple  options.  Figure  1  shows  the 
overall  structure  of  SEAsaw.  The  initial  input  required  will 
setup  the  worksheet  and  allow  the  user  to  identify  the  current 
session  by  entering  the  tract  name,  date,  and  crew  leader  name. 
Next,  the  prices  per  thousand  board  feet  (MBF)  for  each  species 
is  entered. 

The  next  menu  will  provide  the  option  "Tree  List"  that  will 
provide  an  entry  form  for  entering  the  list  of  trees  from  each 
tract.  This  will  require  DBH  (in  inches),  height  (in  feet), 
species  code,  and  tree  grade.  A  list  of  species  codes  can  be 
printed  before  entering  the  "Tree  List"  option.  Three  tree 
grades  are  used  based  on  the  USDA  conversion  studies  done  by 
Hanks  (1976). 

Once  the  data  has  been  entered,  SEAsaw  takes  over  and 
collects  all  of  the  correct  coefficient  values  from  within  the 
file  and  performs  all  calculations  needed.  The  next  menu  allows 
the  user  to  get  into  the  report  section.  This  section  gives  a 
summary  of  the  number  of  trees  by  species,  and  a  table  listing 
both  the  total  volume  and  value  by  lumber  grade  and  the  total 
volume  and  value  per  acre  by  lumber  grade.  A  similar  table  is 
produced  for  each  species. 

Conversion  coefficients  (i.e.  rates)  may  be  replaced  by  the 
user  if  a  detailed  conversion  study  has  been  undertaken  following 


the   study   performed   by   Hanks   (1976).     Results   from   this 
production  study  can  be  fitted  using  the  regression  model  below: 

VOL  =  a  +  b;L*DBH2  +  b2*HT  +  b3*(DBH2*HT) 

where  a,  b^,  b2 ,  b3   are  regression  coefficients. 

SEAin  Module 

SEAin  is  similar  to  SEAsaw  in  that  it  is  also  a  user- 
friendly  and  menu  driven  spreadsheet.  Figure  2  gives  the  overall 
structure  of  SEAin.  SEAin  is  designed  to  inventory  the  volume  of 
logs  in  the  mill  by  estimating  the  volume  based  on  log  diameter 
(DBH),  length,  and  grade.  Before  running  SEAin  a  setup  module  is 
run  to  initialize  the  system  by  building  a  list  of  species  used 
in  the  mill  and  the  rates  (i.e.  prices)  paid  for  a  given  log  of  a 
certain  grade.  Ten  log  grades  are  provided:  veneer  1,  veneer  2, 
prime  \,  prime  2,  grade  1  through  grade  6.  Once  the  rates  have 
been  entered  the  user  presses  the  "hot  key"  (i.e.  ALT-X)  to 
automatically  "open"   SEAin  and  begin  the  MACRO. 

SEAin  will  ask  if  new  rates  need  to  be  entered  from  the 
initial  module.  If  the  rates  already  exist  in  SEAin  and  no 
changes  are  needed,  this  step  is  skipped  by  the  user.  Next,  the 
user  enters  the  load  number  for  reference,  day,  month,  and  year. 
Then  a  data  entry  form  provides  a  convenient  way  of  entering  the 
data  inputs  on  DBH,  length,  and  species/grade  code.  This 
species/grade  code  consists  of  a  2  letter  code  for  the  species 
plus  a  2-letter  code  for  the  grade. 

Once  all  of  the  data  has  been  entered  a  monthly  summary 
spreadsheet  is  "opened."  Depending  on  the  month  entered  in  the 
beginning  of  the  SEAin  module  the  inventory  list  is  copied  into 
the  corresponding  spreadsheet  and  a  summary  of  total  logs,  total 
Doyle  volume,  and  total  cost  for  that  month  is  displayed. 


END  USER  OPTIMIZATION  WITH  SPREADSHEET  MODELS 

Optimization  models  of  different  kinds  have  traditionally 
been  used  in  the  forest  products  industry.  Most  of  these  models 
are  designed  following  specific  structures  of  formal  mathematical 
programming  models  such  as  linear  programming  (Dutrow  and 
Granskog,  1973;  Pearse  and  Sydneysmith,  1966;  Sampson  and  Fasick, 
1970),  dynamic  programming  (Briggs,  1980;  Eng,  et  al,  1986; 
Faaland  and  Briggs,  1984;  Sessions  et  al,  1989;  Pnevmaticos  and 
Mann,  1972),  and  simulation  (Carino,  1979;  Adams,  1984;  Adkins, 
et  al,   1980;  Richards,  et  al,   1980).    Most  of  these  models 


address  specific  processing  problems  such  as  log  bucking  and 
allocation.  Integrated  wood  processing  and  allocation  models 
have  been  developed  by  McPhalen  (1977),  Mendoza  and  Bare  (1986) 
and  Maness  (1989).  Industrial  applications  of  some  programming- 
based  optimization  models  were  reported  by  Hay  and  Dahl  (1984), 
Hehnen,  et  al  (1984),  and  Lembersky  and  Chi  (1984). 

Despite  the  apparent  potential  of  these  mathematical  models 
to  optimize  wood  processing  activities,  their  application  to 
real-world  problems  has  been  limited.  This  is  partly  because 
they  are  often  regarded  as  too  mathematical  and  incomprehensible 
to  be  successfully  applied. 

End-user  optimization  is  becoming  more  widespread  in  a 
number  of  manufacturing  enterprises.  With  the  advent  of  better 
computer  technology  and  increased  numbers  of  user-friendly 
software,  end-user  optimization  models  have  become  more  popular. 
One  of  the  main  instruments  in  bringing  optimization  to  end-users 
is  the  spreadsheet  model. 

As  pointed  out  earlier,  the  automatic  recalculation 
capability  of  spreadsheet  software  enables  the  decision  maker  to 
quickly  evaluate  many  different  scenarios.  This  feature  provides 
a  quasi-optimization  capability  in  which  the  decision  maker  can 
systematically  evaluate  a  set  of  decision  alternatives,  modify 
one  or  more  parameters,  and  evaluate  their  impacts.  This 
interactive  and  iterative  feature  can  be  performed  a  number  of 
times  until  an  acceptable  set  of  decision  variables  has  been 
reached.  While  this  simulation  process  allows  the  decision  maker 
to  make  a  "what-if"  analysis,  there  is  no  guarantee  that  a  "best" 
or  even  a  "good"  solution  can  be  achieved.  Fortunately,  MACRO 
programs  (e.g.  templates)  can  be  designed  so  that  optimization 
can  be  achieved  under  the  spreadsheet  environment.  MACRO'S 
enable  spreadsheets  to  become  more  than  a  descriptive  model,  with 
capability  to  do  sensitivity  analysis  and  optimization. 

Today,  several  commercial  spreadsheet  optimization  systems 
have  been  developed.  For  instance,  optimization  of  spreadsheet 
models  are  described  in  Cunningham  and  Schrage  (1985),  Ho  (1987), 
and  Bodily  (1986).  Some  of  these  commercial  spreadsheet 
optimization  systems  currently  available  are  VINO  (Cunningham  and 
Schrage  (1985),  What's  Best  (Savage,  1986),  IFPS/Optimum  (Execom 
Systems,  Corp.,  1986),  Optimal  Solution  Plus  (Enfin  Software 
Corp),  and  XA  (Sunset  Software  Technology). 

Existing  spreadsheet  optimization  software  differ  in  some 
respects.  Some  systems  simply  accept  a  problem  formulation 
(e.g.,  linear  programming  (LP)  from  a  spreadsheet  file,  taking 


advantage  of  the  spreadsheet  features  and  capabilities  in  input 
entry.  Other  systems  not  only  read  the  LP  input  from  a 
spreadsheet  file  but  also  store  the  solution  into  another 
spreadsheet  file.  The  most  comprehensive  integration  and 
operational  system  is  offered  by  the  packages  described  above 
(e.g.,  XA,  What's  Best,  VINO),  where  the  user  creates  the 
spreadsheet  input  file  and  presses  one  or  two  keys  to  perform  the 
optimization  routine  —  that  is,  optimization  is  performed  within 
the  spreadsheet  environment. 

An  overview  of  performing  optimization  within  a  spreadsheet 
program  consists  of  identifying:  (1)  the  cell  which  contains  the 
objective,  2)  the  cells  containing  the  decision  variables  to  be 
adjusted  during  the  optimization  process,  and  3)  the  cells  which 
determine  the  feasibility  of  the  values  of  decision  variables. 

Existing  spreadsheet  optimization  models  in  forestry  include 
Maness  (1989)  which  describes  an  application  combining  the 
optimization  of  log  sawing  and  bucking  strategies,  and  Leefers 
and  Robinson  (1990)  which  describes  a  spreadsheet-based  FORest 
Simulation — Optimization  Model  (FORSOM) . 

Efforts  are  now  underway  to  integrate  SEAsaw  and  SEAin  into 
a  comprehensive  system  that  optimizes  the  log  conversion  process 
given  different  levels  of  timber  or  log  input.  This  system  will 
expand  current  capabilities  of  SEAsaw  beyond  the  estimation  of 
the  amount  of  conversion,  both  in  terms  of  value  or  in  terms  of 
economic  (e.g.,  stumpage)  values.  The  structure  of  the 
integrated  HARDwood  OPTimization  System  is  described  in  Figure  3. 


REAL-TIME  SIMULATOR  FOR  HARDWOOD  SAWMILLS 

As  previously  mentioned,  simulation  techniques  have  been 
used  in  investigating  hardwood  processing  activities,  with 
applications  traditionally  confined  to  two  main  areas:  log  yield 
maximization  and  design  and  evaluation  of  sawmill  systems. 
However,  despite  their  recognized  potential,  a  number  of  barriers 
exist  which  have  inhibited  their  industrial  adaptation.  Foremost 
among  these  obstacles  are  technological  limitations  of  hardwares 
and  softwares,  lack  of  compatibility  with  existing  operations, 
and  lack  of  computer  expertise. 

Current  simulation  modeling  efforts  are  becoming  more 
comprehensive  and  integrated — constructing  models  to  consider  the 
inter-business  issues  within  the  manufacturing  system  instead  of 
developing  models  for  the  singular  use  of  one  processing 
facility.    The  works  of  Adams  (1984)  and  Kline  (1989)  are  two 


examples  of  applying  holistic  simulation  techniques  to  an 
integrated  hardwood  processing  system.  Such  holistic  models 
provide  more  realistic  descriptions  of  real-life  activities  in  a 
forest  product  manufacturing  complex. 

The  real-time  hardwood  simulation  model  presented  in  this 
paper  takes  advantage  of  the  modeling  features  of  SIMAN  (Pegden, 
1986).  SIMAN  is  among  the  popular,  state-of-the-art  simulation 
languages  and  has  been  practically  used  in  many  business 
applications.  Its  modeling  orientation  makes  simulation  much 
easier,  and  it  has  the  ability  to  run  in  mini-  and  mainframe 
computers  and  personal  computers.  The  language  includes  in  one 
format  the  event  scheduling  mode,  the  process  mode,  and  a 
statistical  analysis  system.  In  addition  to  these,  the  system 
allows  simulated  processes  to  be  computer-animated  (CINEMA). 

Figure  4  shows  the  software  organization  of  SIMAN  and  how 
various  hardwood  sawmill  subprograms  were  linked  to  form  a  single 
system  model.  The  SIMAN  simulation  framework  offers  a 
fundamental  distinction  between  the  system  model  and  the 
experimental  frame.  The  system  model  defines  the  static  and 
dynamic  components  of  the  system.  The  network  feature  of  the 
sawmill —  that  is,  the  sequences  of  elements,  operations, 
machines  and  queues,  are  portrayed  in  this  mode.  Currently,  the 
sawmill's  model  file  is  divided  into  several  stations:  the  log 
deck,  the  headsaw  area,  the  edging  and  trimming  areas  and  the 
lumber  sorting  area. 

The  experimental  framework  defines  the  experimental 
conditions  under  which  the  model  is  run.  This  section  contains 
the  length  and  diameter  distributions,  log  and  lumber  grade 
distributions  (by  species),  log  arrival  distribution,  processing 
rates,  conveyor  speeds,  distances  between  machines  and  so  forth. 
SIMAN 's  link  processor  combines  the  model  file  and  the 
experimental  file  to  produce  the  program  file.  In  doing 
simulation  experiments  with  SIMAN,  one  has  only  to  manipulate 
either  the  model  or  experimental  file. 

Before  the  simulation  run  is  executed,  the  FORTRAN-coded 
subroutines  containing  the  logic  for  breaking  down  the  logs  into 
flitches  and  the  flitches  into  lumber  are  linked  to  the  SIMAN 's 
run  processor.  Currently,  the  subroutines  include  subprograms 
for  generating  information  about  the  logs,  decision  routines  on 
when  to  cut  a  slab  or  a  flitch  (either  by  livesawing  or 
gradesawing) ,  decisions  on  how  to  turn  the  log,  and  mathematical 
calculations  for  the  edging  and  trimming  operations. 


After  a  simulation  run,  the  user  can  analyze  the  results 
written  in  an  output  file.  Without  re-executing  the  simulation 
program,  the  user  can  subject  one  output  file  to  many  data 
treatments  such  as  displaying  histograms,  plots,  tables,  data 
truncations,  and  ANOVA. 

The  hardwood  simulation  model  is  capable  of  producing 
several  pieces  of  output  information.  Tables  1  and  2  contain  some 
samples  of  the  output  generated  by  the  simulator  for  a  generic 
hardwood  sawmill.  Depending  on  which  particular  aspects  of 
sawmilling  an  analyst  wants  to  investigate,  he  can  record 
observations  and  output  statistics  such  as  total  number  of  logs 
processed  (by  species  and  grade),  the  piece-count,  volume  and 
grade  of  lumber  produced,  average  sawing  time  of  each 
log/lumber,/  time  spent  by  a  material  in  the  system,  in  the  queue 
or  in  a  station,  volume  of  sawmill  by-products  (slabs,  edgings 
and  sawdusts)  and  the  utilization  of  machines  and  workers.  Work 
is  currently  underway  to  include  the  production  cost  that  could 
result  from  a  particular  sawmill  operation. 


SUMMARY  AND  CONCLUSIONS 

Two  spreadsheet  models  and  a  real-time  hardwood  simulator 
are  described  in  this  paper.  These  three  modules  are  envisioned 
to  comprise  a  computer-assisted  decision  support  system  for  the 
primary  processing  of  hardwood  forest  products.  Functionally, 
SEASAW  estimates  the  conversion  of  standing  timber  to  lumber 
while  SEAIN  takes  care  of  the  inventory  of  logs  that  could  go 
into  the  mill.  Conceptually,  the  output  of  the  two  modules  could 
be  fed  into  the  proposed  spreadsheet  optimizing  system  to 
generate  a  master  production  plan.  Before  implementing  the 
production  plan,  the  user  has  the  option  of  assessing  first  the 
performance  scenarios  of  his  production  system  under  the  derived 
production  plan  by  utilizing  the  sawmill  simulator.  The 
information  generated  by  the  simulator  could  be  used  to  adjust 
some  of  the  mill ' s  production  policies  to  meet  the  production 
plan  (or  vice  versa),  or  it  can  help  provide  adjustments  in  the 
conversion  factors  and  product  pricing  that  are  used  in  the 
spreadsheet  models. 
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TABLE  1.  OUTPUT  STATISTICS  FROM  THE  HARDWOOD  SIMULATOR 


Parameter,  unit  Average 

Headsawing  Time  1.42 
(min/log) 

Log  deck  queue  29.44 
(pes  of  logs) 

Edger  deck  queue  6.31 
(pes  of  lumber) 

Headrig  utilization  .78 

Edger  utilization  .99 


Std.  Dev.    Minimum    Maximum 


.17 
1.82 

4.11 

.42 
.06 


1.04 


1.95 


30 


18 


1.0 

1.0 


Total  time  of  simulation  =  400.0  minutes 


TABLE  2.  SAMPLE  INPUT  AND  OUTPUT  OF  MATERIALS  SIMULATED  FOR  A 
GENERIC  HARDWOOD  SAWMILL. 


INPUT  MATERIALS: 


Total  log  volume,  cu.ft. 
Number  of  Aspen,  logs 
Number  of  Red  Oak,  logs 
Number  of  Basswood,  logs 
Log  Grade  No.  1  ,   logs 
Log  Grade  No.  2  ,   logs 
Log  Grade  No.  3  ,   logs 


1814 

108 

65 

98 

4 

41 

227 


78 


OUTPUT  MATERIALS: 


Total  pieces  of  lumber 
Total  volume  of  lumber,  BE 
FAS  volume,  BF 
SELECTS  volume,  BF 
COMMONS  volume,  BF 
Edging  waste,  BF 
Sawdust  volume,  BF 
volume  of  shims,  BF 


2317 

13165 

199 

256 

12710 

3067 

2754 

767 


81 
01 
88 
03 
98 
89 
63 


Other  informations  such  as  work-in-process 
materials  at  end  of  operation  can  also  be 
collected. 
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Figure  1 :  Overall  structure  of  SEAsaw 
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INTRODUCTION 

Evaluation  of  lumber  production  policies  and  mill  design 
alternatives  could  be  done  using  computer  simulation  models.  A 
computer  model  can  assist  mill  analysts  in  assessing  a  sawmill's 
performance  under  a  variety  of  operating  conditions.  From  a 
design  perspective,  a  simulation  model  can  be  utilized  to 
evaluate  the  operational  feasibility  and  efficiency  of  a  proposed 
system  before  it  is  actually  implemented. 

Most  of  the  simulation  models  developed  in  the  past  focused 
on  single  processing  activities  (e.g.  log  breakdown  operation). 
Few  models  have  dealt  with  the  inter-business  issues  that 
consider  the  other  components  of  lumber  manufacturing.  Minimal 
effort  has  been  made  to  integrate  the  various  aspects  of  lumber 
production,  particularly  the  relationships  of  material  inventory, 
the  mill's  physical  layout  and  equipment  specifications,  and  log 
breakdown  procedures . 
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Because  of  the  complexities  of  lumber  manufacturing  and  the 
enormous  amount  of  programming  required  to  model  such  systems,  it 
is  necessary  to  tailor  several  programs  together  to  form  a  single 
integrated  system  as  exemplified  in  the  works  of  Van  Wyk  and  Eng 
(1987)  and  Martin,  et  al.  (1988).  This  modeling  approach  offers 
a  distinct  advantage  to  a  user  because  it  allows  him/her  to 
address  problems  using  models  at  various  phases  and  degrees  of 
resolution. 

The  models  developed  by  Adams  (1984,  1988)  and  Kline  (1989) 
are  two  examples  of  models  that  are  holistic  in  nature.  Their 
models  feature  the  real-time  clocking  of  operations  as  well  as 
the  over-all  material  and  information  interchange  between  the 
different  sawmill  subsystems.  The  notion  of  holistic  simulation 
modeling  approach  is  also  well  illustrated  in  an  ongoing  work  of 
Randhawa,  et  al.  (1989).  Their  model  is  still  under  development 
integrates  both  the  log  breakdown  logics  and  material  process 
flow  in  softwood  sawmills.  It  has  also  the  capability  to  access 
appropriate  data  bases . 

This  paper  describes  a  sawmill  simulation  model  that  was 
developed  as  part  of  an  integrated  decision  support  system  for 
hardwood  sawmills.  The  report  primarily  focuses  on  a  specific 
modeling  structure  that  encompasses  the  various  facets  of 
sawmilling  and  management  decision-making  process.  Constructed 
separately  with  a  tree  and  log  inventory  modules,  the  model  can 
work  independently  as  a  stand-alone  sawmill  simulator.  However, 
it  can  also  be  integrated  with  the  other  modules  to  form  a  single 
management  decision  support  system. 


SYSTEM  STRUCTURE 

The  hardwood  sawmill  simulation  model  presented  in  this 
report  takes  advantage  of  the  modeling  features  offered  by  SIMAN 
(Pegden,  1986).  SIMAN  is  a  FORTRAN-based  simulation  language 
that  can  model  discrete  and/or  continuous  system  that  exhibit 
characteristics  such  as  those  typically  found  in  many  wood 
processing  operations. 

Unlike  the  other  simulation  programs  developed  in  SIMAN  or 
in  other  commercial  languages,  the  current  model  was  structured 
to  relieve  users  of  any  programming  effort  or  program 
manipulation.  This  enables  the  user  to  use  the  system  in 
analyzing  various  sawmill  scenarios  or  problems  at  relative 
ease.  The  user  is  guided  with  front-end,  data  entry  menus  with 
existing  default  values. 


Material  Flow 

The  simulation  program  is  basically  based  on  a  discrete 
event  orientation,  with  the  log  breakdown  and  other  processing 
logics  imbedded  within  the  model  as  event  subroutines.  The 
network  of  processing  centers  containing  standard  sawmill 
facilities  were  coded  in  the  model  frame  of  SIMAN.  These 
processing  centers  are  linked  together  by  conveyors  and 
transporters  and  a  series  of  buffers  with  user-specified 
capacities.  Physically,  these  centers  define  the  log  deck 
station,  the  headsaw  area,  edging  and  trimming  stations  and  the 
lumber  sorting  area. 

The  program  treats  materials  (i.e.,  logs,  boards,  and 
lumber)  as  entities  and  machines  as  resources.  Entity  movement 
within  the  system  is  governed  by  the  process  model  and  the 
processing  logics  or  extent  subroutines.  Initially,  a  log  (or 
mother  entity)  is  scheduled  to  enter  the  system  following  a  user- 
specified  arrival  rate.  In  the  process,  the  basic  attributes  or 
entity  characteristics,  such  as  species,  log  grade  and  dimensions 
are  assigned.  As  the  log  progresses  through  the  headsaw,  it  is 
replicated  into  several  entities  (boards)  depending  on  the  basic 
attributes  of  the  log.  The  attributes  of  the  offspring  entities 
are  then  enhanced  to  include  board  width,  volume,  board  grade  and 
the  next  routine  station. 

Queue  capacities,  conveyor  speeds  and  feed  rates  in  the 
program  are  variable  and  depend  on  the  values  entered  by  the 
user.  In  an  event  that  a  queue  capacity  is  exceeded,  the 
preceding  operation  is  deactivated — creating  a  machine  downtime 
condition.  This  system  behavior,  which  is  also  recorded  in  the 
program  output,  allows  mill  analysts  to  examine  the  sources  of 
bottlenecks  or  design  the  appropriate  buffer  decks  for  their 
system. 

Log  Breakdown  Logics 

As  an  entity  is  processed  during  a  simulation  run,  the 
FORTRAN-coded  subroutines  containing  the  logics  for  breaking  down 
logs  into  flitches  and  flitches  into  lumber  are  called  thru  an 
interfacing  subroutine.  This  further  calls  the  appropriate 
subprograms  for  assigning  log  attributes,  decision  routines 
during  the  log  breakdown  process  (both  for  live  and  gradesawing) , 
face  orienting,  and  the  mathematical  routines  for  edging  and 
trimming. 


The  log  breakdown  subroutines  are  descriptive  simulation 
routines  that  mimic  the  decisions  of  a  sawyer  in  handling  logs  of 
given  attributes.  The  livesawing  model  basically  utilized  the 
mathematical  formulations  developed  by  Savsar  (1982)  for  hardwood 
logs.  These  formulations  focus  on  the  volume  calculations  and 
configurations  of  sawmill  by-products  and  the  analysis  of 
sawmill-fiber  balances. 

In  gradesawing,  decisions  regarding  face  orientation  and  log 
turning  are  based  on  the  expected  grade  that  is  assigned  to  a 
cutting  face.  Initially,  grades  are  assigned  to  the  four  faces 
of  the  log.  The  first  two  cuts  are  made  on  the  highest  graded 
face  where  cutting  progresses  until  the  board  grade  drops.  The 
log  is  then  oriented  to  the  next  candidate  face  and  the  same 
decision  routine  is  executed. 

In  order  to  run  the  gradesawing  subroutine,  users  of  the 
system  should  input  their  own  sawmill's  history  of  grade 
recoveries.  Default  values  are  however,  provided  in  the  program. 
The  hardwood  lumber  grade  recovery  values  presented  in  FPL  No.  6  3 
(1966)  were  transformed  into  discrete  distributions  and  stored  in 
the  model's  "experiment"  file.  Once  an  entity  is  generated  and 
its  basic  attributes  defined,  the  table  look-up  function  included 
in  the  program  is  used  to  scan  the  lumber  grade  recovery 
expectation  tables.  Grade  assignments  are  based  on  species, 
diameter,  log  grade  and  the  board's  width.  Eight  hardwood 
species  of  different  diameter  ranges  and  log  grades  are  currently 
supported  in  the  program's  default  data  base. 

In  edging  the  boards,  a  modified  version  of  the  formulations 
presented  by  Kersavage,  et  al .  (1990)  was  used.  Board  sides  to 
be  edged  are  ripped  half  of  their  length.  Depending  on  its 
original  location  in  the  log,  a  board  may  be  edged  on  two  sides, 
on  one  side  only  or  it  may  also  by-pass  the  entire  edging 
process.  Board  trimming  is  based  on  the  trimming  allowance 
provided  by  the  user. 


SYSTEM  INPUT  AND  OUTPUT 

A  menu-driven,  front-end  interface  is  attached  to  the  system 
for  the  interactive  entry  of  information.  The  data  input  module 
is  coded  in  SIMAN's  subroutine  PRIME  which  is  automatically 
activated  at  every  program  execution.  Besides  the  interactive 
input  of  information,  the  program  has  the  capability  to  access 
appropriately  defined  log  inventory  data  files.  Such  data  files 
can  be  created  using  the  input  interface  or  by  any  other  programs 
provided  the  input-output  structure  is  compatible.   A  discussion 


on  this  data  sharing  methodology  is  presented  in  another  section 
of  this  report. 

During    the    input    session,    the    following    system 
characteristics  are  defined  by  the  user:   1)  log  attributes,  2) 
physical   mill   attributes,    3)    processing   parameters   and 
procedures,   4)   product  consideration,   and  5)   simulation  run 
termination  method. 

Except  for  the  log  attributes,  default  values  are  provided 
in  the  program.  These  default  values  are  contained  in  the 
program's  experiment  file  and  the  data  block  of  the  subroutines. 
Once  a  user  opted  to  override  the  default  values,  e.g.,  log 
arrival  note,  the  program  changes  the  appropriate  value  in  the 
default  parameter  set.  In  some  cases,  it  overrides  the  default 
values  originally  specified  in  the  software's  common  variable 
array. 

To  avoid  the  repetitive  entry  of  enormous  amount  of  data,  a 
user  can  save  the  information  as  data  file.  Thus,  he  can 
configure  his  sawmill's  layout  only  once  and  use  it  for  different 
log  sawing  schedule  scenarios.  Similarly,  he  can  store  a  set  of 
logs  for  sawing  and  experiment  on  different  layout 
configurations . 

At  the  end  of  the  data  entry  session,  the  user  is  prompted 
for  the  method  of  terminating  his  simulation  experiment.  The 
user  may  choose  to  end  his  simulation  run  by  specifying  the 
number  of  logs  he  wants  to  process  or  by  specifying  the  length  of 
time  (in  real  time)  the  sawmill  is  to  operate. 

The  model  has  a  customized  output  processor  which  computes 
and  writes  the  results  in  an  output  file.  The  summary  report 
include  among  others,  the  following  information:  1)  total  volume 
and  no.  of  logs  processed,  2)  total  volume  of  lumber  produced,  3) 
total  sawmill  operating  time,  4)  average  sawing  time  of  logs,  5) 
utilization  of  machines,  6)  queue/buffer  statistics,  and  7) 
lumber  volume  by  grade  and  species. 

Depending  on  what  particular  aspect  of  sawmill  operation  the 
user  wants  to  investigate,  he  can  interpret  the  results  from 
several  vantage  points.  For  example,  if  one  specified  the  log 
counter  limit  as  his  run  termination  method,  the  model  provides 
him  the  sawing  time  required  to  process  all  the  logs.  Likewise, 
he  can  record  the  queue  length  comparisons  for  several  sawmill 
layouts  or  the  utilization  of  resources  from  different  log 
breakdown  policies. 


AN  INTEGRATED  DECISION  SUPPORT  SYSTEM 

As  previously  mentioned,  the  simulation  model  can  be 
integrated  with  other  modules  to  form  an  over-all  computer 
assisted,  decision  support  system  for  hardwood  sawmills. 

In  the  earlier  work  of  Mendoza,  et  al .  (1990),  a  material 
inventory  system  called  SEAIn  was  developed.  The  SEAIn  module 
specifically  monitors  and  keeps  record  of  the  log  inventory  in  a 
log  yard.  Operationally,  an  analyst  may  want  to  examine  in 
advance  the  overall  system  behavior  if  he  processes  the  logs  in 
inventory.  Thus,  without  physically  sawing  the  logs,  the  user 
can  run  the  simulator  to  determine  the  expected  lumber  recovery 
and  overall  sawmill  performance;  both  vital  information  in 
sawmill  production  planning  and  management. 

In  the  project,  SEAIn  was  integrated  with  the  sawmill 
simulator.  SEAIn  serves  as  the  material  data  base  while  the 
simulator  serves  as  the  "look-ahead"  tool  in  assessing  the 
overall  sawmill  performance.  Functionally,  the  user  inputs  the 
log  parameters  coming  into  the  log  yard  using  SEAIn.  The  program 
then  re-writes  the  data  in  a  file  which  is  also  recognizable  in 
terms  of  the  simulator's  input  specifications.  The  log  data  base 
file  contains  the  following  information  for  each  log:  species 
code,  log  grade,  log  diameter  (small  and  big  end),  and  length. 
The  simulator  sequentially  reads  the  data  as  logs  are  created  and 
sawn  and  assigns  them  to  the  logs  as  attributes.  In  the  absence 
of  any  log  inventory  module,  the  user  can  create  large  data  files 
using  text  editors  provided  the  parameter  values  are  written  in 
the  same  format  fields. 

The  log  data  base  file  may  contain  random  mixtures  of  logs. 
For  better  decision  making  purposes,  log  data  may  be  entered  or 
arranged  in  certain  sequences  to  represent  desired  sawing 
schedules . 


CONCLUSION  AND  REMARKS 

In  this  report,  a  simulation  model  which  integrates  the 
basic  activities  involved  in  lumber  manufacturing  (e.g.  sawmill's 
physical  layout,  machine  specifications,  product  flow  and 
material  data  base)  is  described.  Emphasis  is  upon  building  a 
model  that  can  serve  as  a  management  tool  in  assessing  a 
sawmill's  production  performance  resulting  from  different 
processing  and  design  alternatives.  The  simulator  combines  the 
basic  facets  of  lumber  manufacturing  including  sawmilling  logics 
and  material  flow. 
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INTRODUCTION 

Haynes  and  Moore  (1989)  suggest  that  we  are  moving  from 
an  era  of  assessing  damage  to  forests,  wetlands,  and 
erodible  soils  to  an  era  more  concerned  with  the 
reestablishment  and  restoration  of  these  areas.  There  are 
two  artificial  methods  that  can  be  employed  to  regenerate 
forests.  They  are  direct  seeding  and  the  use  of  nursery 
stock. 

Direct  seeding  saves  time  and  money  and  creates  several 
survival  advantages  when  compared  with  transplanting 
seedlings  (Haynes  and  Moore,  1989).  Adequate  seed  sources 
usually  exist  for  the  common  timber  species  and  established 
collectors  are  available  to  collect  seed.  Seed  collection 
affords  abundant  quantities  of  tree  seeds,  but  seed 
production  is  cyclical  for  most  species,  thus  there  will  be 
years  when  seed  production  is  low.  In  anticipation  of  poor 
seed  years,  seed  banks  might  be  maintained  in  adequate 
numbers  by  storing  seed  from  years  with  large  seed  crops. 
Many  hardwood  seeds  are  capable  of  being  stored  in  a  viable 
state  for  several  years  (Bonner,  1973;  Sims  1986;  Haynes  and 
Moore,  1989). 

Direct  seeding  also  offers  more  flexibility  in  the 
timing  of  work.  A  farmer,  who  may  consider  entering  highly 
erodible  land  into  a  reserve  program,  might  view  this  time 
flexibility  as  a  necessity,  especially  when  the  growing 
seasons  coincide  as  they  do  in  the  case  of  trees  and  many 
central  U.S.  agricultural  crops.  Guidelines  for  acorn  sowing 
suggest  that  acorns  can  be  sown  any  time  of  the  year, 
whereas  seedling  transplanting  is  restricted  to  Spring  or 
Fall. 
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Predation  can  reduce  regeneration  from  direct  seeding 
(Johnson  and  Krinard,  1987;  Johnson,  1983;  Kerr,  1986). 
However,  most  seed  predators  are  reluctant  to  stray  far  from 
cover,  thus  sowing  seed  in  large  openings  to  reduce  the 
effect  of  seed  predators  has  been  recommended  (Sims,  1989; 
Johnson  and  Krinard,  1987;  Johnson,  1983;  Kerr,  1986).  Nor 
is  transplanting  nursery  stock  100%  effective  against 
predators.  Deer  often  feed  on  the  buds  of  seedlings,  killing 
them  or  dramatically  reducing  their  growth  rates  (Marquis  et 
al, ,  1976).  Sowing  seed  during  local  mast  years  could  result 
in  reduced  predation  on  planted  seeds.  Alternatively,  more 
seed  can  be  sown  than  is  likely  to  be  located  and  consumed 
by  predators . 

Direct  seeding  could  be  incorporated  into  silvicultural 
systems  for  oak  regeneration.  Commonly  employed  regeneration 
methods  for  oak  species  include  the  shelterwood  and 
clearcutting  methods.  For  oaks,  it  is  recommended  that  a 
clearcut  be  done  after  a  good  acorn  crop  (Heyer  and  Wray, 
1988).  Direct  seeding  could  compensate  for  limited  acorn 
production  in  areas  which  lack  the  parental  input,  or  in 
areas  where  harvesting  cannot  be  delayed  until  the  next  good 
seed  crop  is  produced. 

Johnson  and  Krinard  (1989)  suggest  that  seed  be  planted 
at  a  depth  of  2-4  inches,  but  there  is  little  specific 
information  published  on  direct  seeding  methods  for  central 
hardwood  tree  species.  Several  studies  utilizing  direct 
seeding  for  forestation,  reforestation,  and  mine  spoil 
reclamation  cite  a  need  to  evaluate  practical  techniques  for 
site  preparation  and  seed  incorporation  (Davidson,  1980; 
Philo  et  al.,  1981).  Our  intention  was  to  examine  the 
feasibility  of  using  readily  available  farm  equipment  and 
herbicide  to  establish  tree  seedlings  in  a  case  study  in 
Illinois . 

METHODS 

In  the  fall  of  1991,  a  4-acre  site  was  selected  near 
Starved  Rock  State  Park,  Utica,  Illinois  (41°18"47'N  Lat., 
88°58"30'W  Long.).  The  study  site  soil  is  a  Rutland  silt 
loam  (Alexander  and  Paschke,  1972)  occurring  on  a  nearly 
level  (2-6°)  upland  site.  The  site  was  most  recently  a 
neatly  fallowed  bean  field.  It  is  bordered  by  trees  on  three 
sides  and  Rt.  71  on  the  south.  A  2  •'•/2-acre  area  in  the 
center  of  the  field  was  mowed  to  within  6"  of  the  surface 
and  then  double-disked  to  a  depth  of  3-4"  with  a  15'  Case 
disk  and  an  1105  Massey  Ferguson  tractor. 

The  seed  used  in  this  study  was  a  mixture  of  78 
lbs/acre  Bur  Oak  {Quercus  macrocarpa) ,  136  lbs/acre  White 
Oak  {Quercus  alba),  4  lbs /acre  Red  Oak  {Quercus  rubra),  1.2 
lbs/acre  Chinkapin  Oak  {Quercus  muehlenbergii) ,    1.6  lbs/acre 


Swamp  White  Oak  {Quercus  bicolor) ,  1.2  lbs /acre  Ohio  Buckeye 
{Aesculus  glabra),  14  lbs/acre  Black  Oak  {Quercus  velutina) , 
4.4  lbs /acre  Shagbark  Hickory  {Carya  ovata) ,  9.2  lbs /acre 
Bitternut  Hickory  {Carya  cordiformis) ,  27.6  lbs/acre 
Butternut  {Juglans  cinerea) ,  2.8  lbs /acre  Rock  Chestnut  Oak 
{Quercus  prinus) ,  1.6  lbs/acre  Hazelnut  {Corylus  amerlcana) , 
and  288  lbs/acre  Black  Walnut  {Juglans  nigra)     (Table  1). 

The  plots  were  broadcast  by  hand  in  October  of  1991. 
Twenty  ■'■/3-acre,  adjoining  plots,  were  created  by 
intersecting  five  strips  of  seed  incorporation  treatments 
with  four  strips  of  herbicide  treatments  which  consisted  of 
replicates  of  a  herbicide  treatment  and  a  control  in 
alternating  strips.  The  treatments  consisted  of  four  methods 
of  incorporation:  double-disking,  single-disking,  single- 
rolling  (6*  long  X  3'  diameter  concrete  roller),  double- 
dragging,  and  a  control  (no  incorporation). 

Glyphosate  (Round-up,  Monsanto  Corp. )  herbicide  was 
applied  to  half  of  the  plots  in  May  of  1992.  The  intended 
purpose  was  to  apply  herbicide  just  prior  to  the  emergence 
of  the  tree  seedlings  to  reduce  competition  with  broad- 
leaved  weeds  and  to  avoid  significant  seedling  mortality  or 
damage  by  the  herbicide.  The  herbicide  was  applied  as  a  2% 
solution.  A  10'  boom  and  drop  nozzle  spray  system  was 
mounted  on  a  four-wheel  drive  all-terrain  vehicle  for 
application  of  the  herbicide.  The  soil  was  extremely  dry  at 
this  time  as  rainfall  was  6-8  inches  behind  the  expected 
precipitation  for  the  year. 

During  August  of  1992,  we  tallied  seedlings  present  on 
the  twenty  plots  by  species. 

RESULTS 

The  results  are  presented  as  general  trends  because 
site  and  equipment  limitations  precluded  complete 
randomization  and  greater  replication  of  treatments 
necessary  for  statistical  analysis. 

Observations  immediately  after  seed  incorporation 
revealed  that  the  control  and  double-dragged  plots  had  the 
most  seeds  still  on  the  soil  surface.  The  single-rolled 
plots  had  many  seeds  exposed  at  the  soil  surface,  however, 
they  were  well  pressed  into  the  soil.  Some  black  walnut  and 
butternut  seeds  were  submerged  in  soil  by  as  much  as  1/2  to 
2/3  of  their  thickness.  The  single-disked  plots  had  mostly 
buried  seeds,  but  the  larger  seeds  tended  to  "float"  to  the 
surface.  Double-disking  resulted  in  much  better  coverage  of 
the  large  seeds,  and  similar  coverage  for  the  rest. 

The  average  seedling  densities  for  all  species  and 
herbicide  treatments  combined  were  ranked  as  follows: 
single-disked     (910     seedlings/acre),     double-disked 


Table  1.   Percentage  of  seeds  sown  which  produced  seedlings  in  two  1/8-acre  plots  combined. 


Treatments 


Species 


#  Seeds  Sown   double-disking   single-disking  single-rolling  double-dragging    control 
per  1/4-acre*    H-t-**     H-   _    H+       H-     H+_      H-_    H+_       H-_    H+     H- 


Black  Walnut 
Butternut 
Black  Oak 
White  Oak 
Bur  Oak 
Red  Oak 
Chinkapin  Oak 
Rock  Chestnut 
Swamp  white  Oak 
Shagbark  Hickory 
Bitternut 
Hazelnut 


864 

5.0 

8.2 

7.5 

5.6 

56 

5.3 

1.7 

858 

2  .1 

5.0 

2.0 

4.7 

4068 

0.8 

1.7 

0.9 

0.9 

1454 

1.2 

5.4 

3  .4 

5.0 

112 

10.7 

6.3 

4.5 

13.4 

118 

0.9 

0.9 

2.5 

70 

2.9 

1.4 

1.4 

48 

10.4 

16.7 

14.6 

14.6 

110 

2  .7 

6.4 

7.3 

13.6 

358 

0.3 

1  .1 

1.1 

0.6 

196 

0.5 

4  .1 

2  .0 

5.1 

0.4 


0.3 


0.7 


0.2 


0.3 


0.9 


1.0 


0.4 

0.9 

1.8 

1.7 

2.6 

0.2 

0.1 

1.6 

1.6 

2.7 

4.5 

1.4 

2.0 

1.8 

5.4 

0.6 

0.3 


0.1 


0.1 


0.1 


0.1 


0.5 


Blank  spaces  represent  plots  on  which  none  of  the  corresponding  species  were  found. 

*Seed  numbers  were  estimated  using  nursery  data  on  the  number  of  pure  live  seeds  per  pound 

of  raw  seed  material  collected. 

**H+  =  herbicide  applied  ;   H-  -   no  herbicide  application 


Table  2.   Number  of  seedlings  present  for  volunteer  species, 


Species 


Treatments 


#  Seeds  Sown  double-disking  single-disking  single-rolling  double-dragging    control 
in  1/4-acre     H+      H-      H+      H-      H+      H-       H+       H-       H+     H- 


Mulberry 

Hackberry 

Black  Cherry 

Poplar 

Boxelder 

Elm 


Blank  spaces  represent  plots  on  which  none  of  the  corresponding  species  were  found. 


(892/acre),    double-dragged    (256/acre),    single-rolled 
(50/acre)  and  the  control  (20/acre). 

Surprisingly,  herbicide  application  resulted  in  a  lower 
estimated  seeding  success  in  all  treatments  for  most  species 
in  comparison  to  herbicide-free  controls. 

Estimated  seeding  success  by  species,  measured  by 
number  of  seedlings  established  divided  by  estimated  number 
of  seeds  sown,  was  as  follows:  Swamp  White  Oak  5.80%,  Red 
Oak  4.20%,  Shagbark  Hickory  3.80%,  Black  Walnut  2.90%,  Bur 
Oak  1.90%,  Black  Oak  1.80%,  Hazelnut  1.30%,  Butternut  0.91%, 
Rock  Chestnut  Oak  0.71%,  White  Oak  0.46%,  Chinkapin  Oak 
0.42%,  Bitternut  Hickory  0.36%  (Table  1).  There  was  a  small 
number  of  volunteer  seedlings:  Hackberry  {Celtis 
occidentalis)  (5),  Black  Cherry  {Prunus  serotina)  (4),  Elm 
{Ulmus)  (3),  Mulberry  {Morus)  (3),  and  Boxelder  {Acer 
negundo)    (1)  (Table  2). 

DISCUSSION 

The  estimated  total  percentage  of  mixed-seed 
germination  (-1%)  was  much  less  than  the  35%  recommended  by 
Johnson  and  Krinard  (1989)  as  a  reliable  planning  figure.  It 
is  very  probable  that  less  than  100%  of  the  seed  collected 
and  subsequently  sown  was  viable,  because  the  seeds  were  not 
floated  to  remove  the  dead  and  undeveloped  seeds,  nor  were 
they  treated  for  insect  pests  or  pathogens,  such  as  the  40 
minute  soak  in  120°F  recommended  water  to  kill  acorn  weevils 
(USDA,  1974).  Therefore,  the  actual  percentage  of  viable 
seed  germination  was  probably  considerably  higher  than  1%. 
Some  seed  predation  probably  occurred  on  the  portion  of 
seeds  which  were  viable,  but  the  amount  was  not  determined 
in  this  study.  A  correction  for  seed  predation  and  viability 
would  increase  the  estimated  total  percentage  of  mixed-seed 
germination. 

Another  explanation  for  the  apparently  low  seeding 
success  may  have  been  that  the  seed  and  germinants  suffered 
mortality  due  to  desiccation.  Herbicide  application  to  the 
predominantly  broad-leaved  weeds  in  this  study  had  no 
apparent  effect  on  seeding  success  and  was  possibly  even 
deleterious.  It  is  commonly  known  that  broad-leaved  weeds, 
with  the  exception  of  alfalfa,  offer  less  competition  to  the 
seedling  establishment  in  new  plantations  than  grasses,  thus 
their  elimination  may  not  have  improved  initial  seedling 
establishment  greatly. 

Regional  precipitation  for  the  month  of  June,  1992,  was 
2"  less  than  the  long  term  average  of  4".  Precipitation  for 
the  month  of  July  was  almost  6"  more  than  the  long  term 
average  of  4"  (Wayne  Wendland,  Illinois  State  Climatologist, 
Personal  communication,  1992).  The  presence  of  the  broad- 
leaved  herbaceous  weeds  early  in  the  growing  season  could 


have  been  beneficial  with  respect  to  reduced  soil  water 
evaporation  and  tree  seedling  evapotranspiration,  thus 
reducing  seed  and  germinant  desiccation. 

The  herbicide-treated  plots  contained  greener  and 
leafier  broad-leaved  weeds  than  the  herbicide-free  plots  in 
mid-August.  The  herbicide  treatment  may  have  delayed 
herbaceous  weed  establishment  until  August,  thus  exposing 
the  young  seedlings  and  viable  seeds  to  full  sunlight  and 
desiccation  during  the  dry  period  and  shading  them  during 
the  period  of  favorable  moisture.  The  herbicide-free  plots 
had  the  seed  and  germinants  under  a  broad-leaved  weed  canopy 
early,  but  exposed  them  to  higher  light  intensities  with  the 
onset  of  herbaceous  weed  senescence,  which  coincided  with 
the  period  of  favorable  moisture.  This  might  have  allowed 
the  young  seedlings  to  take  full  advantage  of  sunlight  and 
water  before  the  end  of  the  growing  season. 

Despite  the  low  estimated  total  percentage  of  mixed- 
seed  germination,  our  seed  application  rate  may  have  been 
sufficient  to  give  rise  to  a  marginally  stocked  stand.  For 
example,  the  total  sum  of  seedlings  on  the  two  disking 
treatments  accounted  for  85%  of  the  total  number  of 
seedlings  with  an  average  of  900  emergent  seedlings  per 
acre.  With  100%  survival,  the  resulting  spacing  would  be  7' 
X  7'  assuming  even  distribution.  Barring  high  mortality 
rates  in  the  future  or  with  supplemental  planting,  this 
number  could  conceivably  give  rise  to  a  young  forest  stand 
able  to  develop  into  a  well  stocked  mature  stand. 

CONCLUSIONS 

Our  results  illustrate  that  the  method  of  incorporation 
is  a  critical  factor  in  successfully  regenerating  central 
hardwood  tree  species  via  direct  seeding.  Disking  provided  a 
forty  fold  increase  in  successful  establishment  when 
compared  with  the  control  plots,  and  a  three  fold  increase 
when  compared  with  double-dragging. 

Our  results  further  illustrate  that,  under  the 
conditions  of  this  one-year  case  study,  early-season 
herbicide  application  was  not  beneficial.  This  may  have  been 
due  to  the  coincidence  of  the  prolonged  period  of  tree 
seedling  emergence,  heavy  midsummer  rains,  and  early  broad- 
leaved  weed  canopy  closure  with  midseason  senescence  in  the 
herbicide-free  plots.  It  is  obvious  that  annual  and  seasonal 
variation  in  weather  can  greatly  influence  the  success  of 
cultural  treatments.  Therefore,  multi-year  studies  employing 
a  variety  of  planting  sites,  a  statistically  valid 
experimental  design,  established  uniformity  of  seed 
distribution  by  sowing,  quantification  of  seed  predation  and 
viability,  and  additional  herbicide  regimes  will  be 
necessary  to  more  accurately  establish  the  practicality  of 
methods   for  direct   seeding  of   central   hardwood   forest 


species.  Nonetheless,  results  indicate  that  such  direct 
seeding  techniques  as  disking  are  superior  to  others  and 
show  promise  for  regenerating  central  hardwood  forest 
stands . 
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